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DUPLICATE 



FIELD OF THE INVEMTION 

The present invention relates to a aeries of novel phosponate nucleosides^ moro 
specifically comprising a phosphonalkoxy substituted five-membered, saturated or 
unsaturated, oxygen, nitrogen or sulfur containing ring coupled to a pyrimidine or purine 
base. The invention further relates to compounds having HIV (Human Iioomunodeficieixgy 
Virus) replication inhibiting properties and to compounds having antiviral activities with 
respect to other viruses. The inventiioxi also relates to ixiethods for preparation of all such 
compounds and pharmaceutical compositions comprismg them. The invention further 
relates to the use of said corapounds as a medicine and in the manufacture of a 
medicament useful for the treatment of subjects suffering from HIV infection^ as well as 
for treatment of other viral, retroviral or lentiviral infections and to tihe treatment of 
animals suffering from FIV, viral, retroviral or lentivirai infections. The invention also 
provides methods of treatment or prevention of a viral infection in a mammal 

BACKGROUND OF THE INVENTION 

A retrovims designated hioman immunodeficiency virus (HIV) is the etiological agexrt of 
the complex disease that mcludes progressive destruction, of the immune system 
(acquired inunune deficiency syndrome; AIDS) and degeneration of the central and 
peripheral nervous system. There are many strains of HEV. The two main ones axe HTV-l 
and HIV-2, the latter one producing a less severe disease than the first one. Being a 
retrovims, its genetic material is in the form of RNA (ribonucleic acid) consisting of two 
RtSTA strands. Coe^dsting with RNA axe rev^^se transcriptase^ int^ase^ a protease^ a 
ribonuclease and other enzymes. 

It is known that some antiviral compounds which act as inhibitors of HTV replication are 
effective a^nts m the treatment of AIDS and similar diseases. , including reverse 
transcriptase inhibitors and protease inhibitors such as indinavir and nelfmavir. Drugs 

1 
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that are known for the treatment of HIV-infected patients belong to the class of 
nucleoside reverse transcriptase (RT) inhibitors such as azidothyraidine (AZT)> and 
lamivudine, non-nucleoside reverse transcriptase inhibitors such as nevirapine 
<Boehringer Jngelheim) efavirenz (EhiPont) or protease inhibitors such as nelfinavir 
(Agouron), saquinavir (RocheX ritanovir (Abbott laboratories) and aoiprenavir 
(GlaxoWellcome), A new reverse transcriptase drug recently added in the batUe against 
HIV is tenofovir (PMPA. Gilead Sciences). A relatively new target that is jfows^ed on 
lately is the integrase enzyme of HIV, while also many other protdns acting as enzymes 
or co-factors are being invesl^ted. 

Replication of the human immunodefici^cy virus type 1 (hereinafter referred asi HTV-l) 
can be drastically reduced in infected patients by combiniio^ potent antiviral drugs 
targeted at multiple viral targets, as reviewed by Vandamme et al. in Antiviral Chmi, 
Chemother, (1998) 9:187-203, 

Multiple-drug combination regimens can reduce viral load below the detection limit of 
the most sensitive tests. Nevertheless low level ongoing replication has been shown to 
occuT;, possibly in sanctuary sites, leading to the emergence of drug-resistant strains^ 
according to Perelson et aL in Nature (1997) 387:123-124. Furthermore, the selectivity 
index of many anti-viral agents is rather low, thereby they are possibly responsible for 
side-eflBscts and toxicity. Moreover, HtV can develop resistance to most» if not all^ 
currently approved antiviral drugs-, according to Scbmit et al. in J. Infsct. Dis. {1996) 
174:962-968. It is well documented that the ability of HtV to rapidly evolve drug 
resistance^ together with toxicity problems requires the development of additional classes 
of antiviral dnigs. 

As a summary^ there is still a stringent need in the art for potent inhibitosrs of HTV, 
Therefore a goal of the present invention is to satisfy this urgent need by identifyiing 
efficient and non-hamijEul pharmaceutically active ingredients and combination of 
ingredients for the treatment of retroviral infections, in particular lentiviral infections, and 
more particulailyJilY infections, in mammals ajad in humans. Furthermore, there is also 
a need for compoimds which either complement ejdsting drugs such that the resulting 
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cocktail has improved activity or resistance to virus mutation or compounds which are 
themselves effective against many or all viable mutatioxis of a virus. 

The present invention relates to new phosphonoalkoxy substituted nucleoside analogs 
comprising a phosphonalkoxy substituted five-membered, saturated or unsaturated, 
oxygen, nitrogen or sulfur containing ring coupled to a pyrimidine or purine base and to 
their use as anti- viral agents. 

Pioneering work on the chemistry of phosphonate nucJeosides has been carried oxit by A, 
Burger^, while the work of D. Rammler''^ A. Holy' and J. Mofiatt^ has led to important 
new reaction schemes to synthesize phosphonate nucleosides. Phosphonate nucleosides 
can be devided in two categories. A jBrst category of phosphonate nucleosides (1) are real 
nucleoside analogues as they contain a nucleobase and a sugar moiety*^"^ A second series 
of phosphonate nucleosides represented by PMEA (2) can better be considered as 
alkylated nucleobases as the sugar moiety is replaced by an alkoxyalkyl moiety7 
Surprisingly, up to now, potent antiviral in vivo activity (HSV, CMV^ HBVj^ HIV) has 
only been associated with phosphonoalkoxyalkyl nucleobases and not with sugar 
containing phosphonate nucleosides. Several attempts to discover antiviral nucleoside 
phosphonates has led to synthetic schemes for the preparation of fiiranose^, pyranose^ and 
caibocyclio phosphonate nucleosides^^j lacking^ however^ potent antiviral activity. 
Phosphorylation by kinases and incorporation in nucleic acids (eveiilually leading to 
chain termination) is considered as an important mechanism to explain the antiviral 
activity of nucleosides. The lack of antivijr^ Activity of nucleoside phosipho^ates h 
generally explained by their poor substrate properties for cellular and viral kinases. On 
the other hand, the potent antiviral activity of phosphonylated alkylated nucieobases is 
ascribed to their intracellular phosphorylation into thrir diphosphates and to a ref5racting 
incorporation of the modified nucleoi^des in micleic acids (the enzymatic incoipcnration 
in nucleic acids is, almost, irreversible).'^ A disadvantage of the acyclic nucleoside 
phosphonates ace their low selectivity index: in cellular soreexiitug systems.^'" The 
selectivity for HIV reverse transcriptase veorais mitochondrial DNA polymerases of the 
triphosphates of anti-HIV . nucleosides is an important factor determining in vivo 
toxicity. 
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TJiireose Kudeosides have been previously syuthesi^ed because they can be assembled 
from natural precursor molecules. It has been demonstrated that threose nucleic acids 
(TNA) form duplexes with DNA and KNA of theoaal stability^ similar to that of the 
natural nucleic acids association.^^ Triphosphates of threose nucleosides are accepted as 
substrate by several polymerases and they can be enzymaticaliy incorporated in DNA ^'^'^^ 
The phosphonoalkoxy group of the proposed fiiranose nucleoside phosphonates is boimd 
at the 3'-position bringing the phosphorous atom and the nucleobase closer to eaoh other 
than in previously synthesized nucleoside phosphonates.^ The pres^ce of an anomeric 
centre in threose nucleoside phosphonates gives them similar stereo-electronic properties 
than natural nucleosides. 



SUMMARY OF THE INVENTION 

la the present invention, new anti-viral, more in particular anti-HIV compounds are 
provided. The compounds are novel phosphonate nucleosides^ more in particular 
phosphonoalkoxy substituted nucleosides comprising a five-membered^ saturated or 
unsaturated, oxygen^ nitrogen or sulfur containing ring, or analogues or derivatives 
thereof and it has been shov/n that they possess anti-viral activity^ more specifiicalJy 
against HIV. The present invention demonstrates that the compounds inlubit the 
r^lication of HIV. There£bre, these phosphonate nucleosides constitute a new potent 
class of anti-virai compounds that can be used in the treatment and prevention of viral 
infections in animals, mammals and humans^ more specifically for the treatment and 
prevention of HIV. 



The present invention relates to new phosphonate nucleosides, more in particular to 
phosphonoalkoTsy substituted nucleosides comprising a five-membered, o^sygen, nitrogen 
or sulfur containing, saturated or unsaturated ring, or analogues or derivatives thereof. 
The invention further relates to compounds having anti-viral activity, more specifically to 
novel phosphonate nucleosides having viral replication inhibiting properties, more in 
particular of HIV (Human Immunodeficiency Vims), which is the etiological agent of 
Acquired Immune Defiency Syndrome (AIDS) in humans^ and consequently may be 
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useful for the treatment of individuals infected by HIV. The present invention also relates 
to compounds having antiviral activities with respect to other viruses, such as Hepatitis B 
Virus. Present invention furthermore relates to the use of the compounds as a medicine 
and more specifically to the use of the compounds as an anti-viral agent, The inveirtion 
also relates to methods for preparation of all such compounds and pharmaceutical 
compositions comprising them. The invention further relates to the use of said 
compounds in the manufacture of a medicament useful for the treatment of subjects 
suffering from HIV infection, as well as for treatment of other viral, retroviral or 
lentiviral infections, treatment of animals suffering from FIV, viral, retroviral, lenttviral 
infections or treatment of tumour or cancer cells. The present invention also relates to a 
method of treatment or prevention of viral mfections, by using said compounds. 

One aspect of the present invention is the provision of new phosphonate nucleosides, said 
new phosphonate nucleosides c-omprising a phosphbnoalko«iy substituted JOive-mejnber^cl, 
saturated or unsaturated ring which is coupled to a pyrimidine or purine base* In a 
particular embodiment, the fiive-membered ring is an oxygen, nitrogen or sulfur 
containing ring and in a yet more particular embodiment, the five-membered ring is an 
oxygen containing ring. 

The present invention relates to phosphonoalkoxy substituted nucleosides comprising a 
fiv&-membered^ saturated or unsaturated, oxygen^ nitrogen or sulfixr containing ring, or 
analogues or derivatives thereof corresponding to the formula I, isomer$, solvates or 
pharmaceutical salts thereo:^ 



wherein: 

- B is a heterocyde selected from the group consisting of pyrimidine and purine bases; 
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- The dotted Kne represents m optiiojltal double boM, provided that if Z is OT^gm, Of 
sulfur, there is no double bond; 

- Each aBd are independently selected firom the group of hydrogen; (-POsR^- 
P03R"^R^; alkyl; alfcenyl; alkynyl; cycloalkyl; cycloalkenyl; cycloalfcynyl; aryl; 
axylalfcyl; heterocyclic ring; heterocyclic riog-alfcyl; acyloTjyalfcyl; acyloxyalkenyl; 

_ acyloxyalkynyl; acyloxyaryl; acyloxyarylaikyU _acyloxyarylalkenyI; 

acyloxyarylalkynyl; dialkylcarbonate; alkylarylcaxbonate; alkylalkenylcarbonate; 
alkylalkynylcarbonate; alkenylarylcarbonate; alkynylarylcarbonate, 

alkenylalkynylcarbonate; dialkenylcarbonat^ dialkynylcarbonatej wherein said alkyl, 
aJU^enyl and alkynyl can contain a heteroatom in or at the end of the hydrocarbon 
chain, said heteroatom selected from O, S and N ajid and can jftifther be 
selected from sub^tituents known for (anti-viral) phosphonates in order to create 
prodrugs; 

- Each X; y and Z are independently selected from the group of oxygen; nitrogen; 
sulfur; CHE?; wherein at least one of X, Y or Z is oxygen, nitrqgen or sulfur and 
maximally two of X, Y or Z are oxygen, nitrogen or sulfur and the oth^s) ts/are 
CHR^ , 

- R^ is selected fixjm hydrogen; azido; F and OR*; 

- Each R*, R6j R7 and R^ are independently selected from hydrogra; alkyl; alkenyl; 
alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aiyl; arylalkyl; heterocyclic ring; 
heterocyclic ring-alkyl; acyloxyalkyl; wh^ein said alkyl, alkenyl and alkynyl can 
contain a heteroatom in or at the end of the hydrocarbon chain, said heteroatom 
selected from O, S and N; 

n is selected from 1 to 6; 



The groups and R^ refers to all known phosphonate prodrugs and substituents known 
and used in the prior art for anti-viral phosphonate nucleosides such as described for 
example In US6225460, US59770S9, WO020S241 and many other publications. 
Subsequently, the present invention also provides for the prodrugs of the phosphonate 
nucelosides of the present invention. 



m LB 0 or 1. 
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One embodiment of the present invention relates to phosphonoalkoxy substituted 
nucleosides comprising a five-membered» saturated or unsaturated,. o^ge% nitrogen ot 
sulfur cOTitaimng ring, or analogues or derivatives thereof corresponding to the formula 
Isomers, solvates or pharmaceutical salts thereof. 




or2 

01) 

wherein: 

- B is a heterocycle selected from the group consisting of pyrimidine and purine bases; 

- Each and are independently selected from the group of hydrogen; (-POsR^m- 
P03R^R^; alkyl; alfcenyl; alkynyl; cycloalkyl; cycloalfcenyl; cycloalkynyl; aryl; 
arylalkyl; heterocry^clic ring; heterocyclic ring-al]kyl; acyloxyalkyl; acyloTv^'^alkenyl; 
acyloxyalkynyl; acyloxyaryl; acyloxyarylalkyl; acylo^cyaxylalfcenyl; 
acyloxyarylalkynyl; dialfcylcarbonate; alkylarylcarbonate; alkylalkenylcarbonate; 
alfcylalkynylcaxbonate; alkenylarylcarbonate; alkynylarylcarbonate; 
alkenylalkynylcarbonate; dialkenylcarbonate; dialkynylcarbonate; wherein said alkyl, 
alfcenyl and alkynyl can contain a heteroatora in or at the end of the hydrocarbon 
chain, said heteroatom selected fi-om S and N and axe further selected from 
substituents kaovm for phosphonates described as anti-viral agents; 

- Each X, Y and Z are independently selected from the group of oxygen; nitrogen; 
sulfin:; CHR^; wherein at least one of X, Y or Z is oxygen, nitrogen or sulfur and 
maximally two of X, Y or Z are oxygen, oitrogen or sulfiir and the other(8) is/are 
CBDR?; 

- V? is selected from hydrogen; azido; F and OR'*; 

- K* is selected from hydrogen; alfcyl; alkenyl; alkynyl; cycloalfcyl; cydoalkenyl; 
cycloalkynyl; aryl; heterocyclic ring; aryjajkyl; heterocyclic ring-alkyl; aoyloxyalkyl; 
wherein said alkyl, alkenyl and dkynyl can contain a heteroatom in or at the end of 
the hydrocarbon chcuii, said heteroatom selected fiom^O, S and N; 

7 
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- Each and are independently selected from hydrogen; Blkyl; ajOkcjayl; 
alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl^ aiyl; arylalkyi; heterocyclic riog; 
heterocyclic ring-alfcyl; acylOTcyalfcyl; wherein said alkyl, alkenyl and alkynyl can 
contaui a heteroatom in or at the end of the hydrocarbon chain^ said heteroatom 
selected from S and N; 

- n is selected from 1, 2, 3, 4, 5 or 6; 

- misOorl. 

A particular embodiment provides compounds according to the formulas of the invention 
wherein the compoimds comprise a five-membered, oxygen containing ring and each X, 
Y and Z are Independently selected fiom the group of oxyo&x and CHR^; wherein at least 
one of X, Y or Z is OT&y^n and maximally two of X, Y or Z are oxygen, and the otheM^s) 
is/are CHR^ In another embodiment, the invention relates to compounds according to the 
fonnulas of the invention, wherem n is maximally 3. 

Another particular embodiment rdates to novel 3*-phosphonaXk07fy $ub$tj[tuted, saturated 
or unsaturated, fiu'anose nucleosides comprising a purine or pyrimidxdte base couplod to 
the r position of a fiiranose whereby the 3 ' position of the fiiranose is substituted with a 
phosphonoalkoxy group. The nucleosides can also be derived of tetrahydrofuian or 3,4- 
dihydro-fiiran thereby substituted at the 2 postion with a heterocyde selected from the 
group consisting of pyrimidine and purine bases and at the 4 position with a 
phosphOnodlkoxy group. 

One embodiment of the present invention relates to 3'-pho$phonate substituted fiiranose 
nucleosides according to formula (DI), phannaceutically acceptable salts, solvates, and 
isomers thereof. 




B 



wherein. 
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- B is a heterocycle selected j&om the group consisting of pyrimidine and puriue bases; 



• Each and are independently selected from the group of hydrogen; (-P03R*)m- 
POsR^R^; alkyl; alfcenyi; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryl; 
arylalkyl; heterocyclic ring; heterocyclic ring-alfcyl; acyloxyalkyl; acyloxyalkenyl; 
acyloxyalfcynyl; acyloxyaryl; acyloxyarylalky!; acyloxyarylalkenyl; 
acyloxyaiytalfcynyl; dialkylcarbonate; alkylaxylearbonate; alkylalkenylcarbonate; 
alkylalkynylcarbonate; alkenylarylcarbonate; alfcynylarylcarbonate; 

alkcnylalfcynylcarbonate; dialkenylcarbonatc; dialkynylcaibonate; wherein said alkyl, 
alkenyl and alkynyl can contain a heteroatom in or at the end of the hydrocarbon 
chain, said heteroatom selected from S and N and are further selected from 
substituents known for phosphonates described as anti-viral agents^ 

- is selected from hydrogen, azido, F and OR**^; 

- R"* is selected from hydrogen; alkyl; alkenyl; alkynyl; cycloalkyl; cycloalkenyl; 
cycloalkynyl; aryl; heterocyclic ring; arylalkyl; heterocyclic ring-alfcyl; acyloxyalkyl; 
wherein said alkyl, alkenyl and alkynyl can contain a heteroatom in or at the end of 
the hydrocarbon chain, said heteroatom selected from S and N; 

- Each R^, R^ and R^ are independently selected from hydrogen; alkyl; alkenyl; 
alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryl; arylalkyl; heterocyclic ring; 
heterocyclic ring-alkyl, acyloxyalkyl; wherein said alkyl^ alkenyl and alkynyl can 
contain a heteroatom in or at the end of the hydrocarbon chain, said heteroatom 
selected from O, S and N; 

- n is selected jBrom 1, 2, 3, 4» 5 or 6; 

- m is 0 or L 

A particular embodiment of the present invention provides the phosphonate substituted 
nucleosides of the formula (I), (II) or (III) wherein B is selected from adenine and 
thymine. Anoth^sr particular embodiment of the present invention provides novel 3'- 
phosphonate substituted threose nucleosides, more in particular 3'-phosphonalkoKy 
substituted threose nucleosides. In another particular embodiment of the present 
invention^ the 3'-phosponalkoxy substituent or the purine or pyrimidine bases cwpled to 
the ring of the compounds of the invention are in the R or. S confrguratioa 

9 
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The present invention relates in a particular embodiment to compounds selected from the 
group: 

l-(ISi^-beiizoylademn''9"yl)"2"0-benzoyl-3-OH[diisopropylphosphonomet^^ 
(11) 

l-(liiymin-l-yl)-2-0-bexizoyl-3-0-(diisopropyIphosphonom 
JL-{urapil-l -y0-2-O-beiizoyl-3^ (13) 
l-{N*-acetylcytosin-l-yl)-2-O-beDZ0yl-3-0^;dii5O 
(14) 

l-(adeiim-9-yl)'3^-(dusopropyIphosph.onom^ 
l-(thymin-l-yl)-3-0-( diisopropylpbosphonomet]byl>I^thxeose (IS) 
l-(uracil-I-yl)-3-0-( dii5opropylphosphonomethyl)-L^threose (17) 
l-(Qrto5in-l-yI>-3-0-(diisopropylphosphoaomethyl )-L-'threo5e (18) 
I-(ademn-9-yl)-2-dcoxy-3-0'(dfi5opropylpfaos^ (19) 
l-(thyinia-l-yl)-2HdTOxy-3-0-(diisopropylphosphonorae^^^ 
l-(uracal-l -yl)-2Hleo3or-3-0-(diisopropylphosphonomethyl)-3^^ (21) 
l-(c5rtosm- l-yl)-2-deoxy-3-0-(diisopropylphosphonOtoeihyl)-^^ (22) 
l'<ade!aii3i-9-yI)~3-0-(phosphonomethyI)-I^t^ sodium salt (3a) 
l-^thymin-l-yl)'3-0-(phosphonomethyI)-L-t^ sodicum salt (3b) 
l-(uraca-l-yl)-3-0--(phosphonoinethyl)-L^th3nBose sodhim salt {3c) 
l-((grtosin-l-yl)-3-0-(phosphonomethyl)-L-threose sodium salt (3d) 
l-(ademii-l-yl)-2-deo:xy-3-0-(phosphonomethyl)-L-t^ sodium salt (3«s) 
l-(thyram-l-yl)-2--deoxy-3-0-(phosphonomethyl)-L-tlireose sodium salt (3f) 
l-(uracil~l-yl)-2-deoxy-3-0'(phosphonomethyl)-L-threose sodium salt (3g) 
l-(Cytidin-l-yl)-2~deo7sy-3-O~(phospk0Jiomethyl)-L-^^ sodium salt (3h) 

According to a second aspect, the invention relates to the use of phosphonste substituted 
nucleosides of the formula (I), (U) or (HI) as antiviral compounds;, more particularly as 
compounds active against HIV. The invention also relates to the use of phosphonate 
substituted nucleosides of the formula (I), (H) or (EH) for the manufacture of a medicine 
or as a pharmaceutically active ingredient, especially as a virus replication inhibitor, 
preferably a. retrovirus r^lication inhibitor^ foi insta;uce for the manufacture of a 
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medicament or pharmaceutical composition having antiviral activity for the prevention 
and/or treatment of viral, preferably retroviral, infections in humans and mammals. The 
present invention furtlier relates to a method of treatmetnt of a viral infection, preferably a 
retroviral infection in a mammal, including a human, comprising administering to the 
mammal in need of such treatment a therapeutically effective amount of a conqpomid of 
' formula-(I), (H) or (HI) as an active ingredient, -preferably in admi^dure-wHh at least a 
{^rmaceutically acceptable carrier. 

The invention jfurther relates to methods for the preparation of compounds of formula (J), 
(II) or (ni). The process for preparing the phosphonoaJkoxy substituted nucleosides of 
the present invention comprises the steps of selectively protecting the hydroxy functions 
present on the five-raembered ring that can not react in the following step, reacting the 
remaining free hydroxy of the protected five-membered ring with protected 
phosphonylalfcyl, followed by reaction with a pyrimidine or pmxk^ base, deprotection of 
the five^membered ring protecting groups and possible pmine or pyrimidine base 
protecting groups, if necessary a deo^jygenation step of the hydroxy fiinstions present on 
the five-membered ring and finally a deprotection of the phosphonate protecting groups. 

The invention also relates to pharmaceutical compositions comprising the compounds of 
the invention according to formula (1), (II) or (III) in admixture with at least a 
pharmaceutically acceptable c-arrier, the active ingredient preferably being in a 
concentration range of about 0.1 to 100% by weight, and to the use of these derivatives 
namely as dmgs useful for the treatmeait of subjects suffering from HIV infectioiL 

The invention further relates to the use of a composition comprising {^) one or more 
derivatives of formula (1), (H). or (W)^ (b) one or more viral mhibitors as biologically 
active agents in respective proportions such as to provide a synergistic effect against a 
viral infection, preferably a lentiviral infection and more preferably a retroviral infection 
in a mammal, for instance in the form of a combined preparation for simultaneous, 
separate or sequential use in retroviral infection therapy. Within the firamework of this 
embodiment of the invention, the retroviral enzyme inhibitors used as a therapeutically 
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active ingredients (b) may belong to categories already known in the art and include, 
among others, 

- HIV integrase inhibitors such as arc known in the art 

- Nucleoside and non-nucleoside reverse transcriptase inhibitors such as for instance 
delavirdine, dideoxyadenosine, foscamet sodium, stavudine, suramin sodium, 
zaJdtabine, zidovudine^ lamivu dine^ d idanosane, ncvirapine, PMPA> axid the like, 

- mV protease inhibitors such as for instance sequinavir, ritonavir, indinavir, nelfinavir 
and the like. 

The invention also relates to the compounds of the invention according to formula (I). (H) 
or (m) being used for inhibition of the proliferation of other viruses than HIV, preferably 
the inhibition of viral activity of hqpatitis B virus, hepatitis C vims or jaavi^Tumses, with 
in particular yellow fever virus or Dengue virus. 

More generally, the invention relates to the compounds of formula CQ, (n), or <III> being 
useful as agents having biological activity (preferably antiviral: or antitumorai activity) or 
as diagnostic sgents. Any of the uses mentioned with respect to the present invention may 
be restricted to a non-medical use, a non-therapeutic use» a non-diagnostic use» or 
e^cclusively an in vitro use, car a use related to cells remote from an animal. 

Another aspect of the invention relates to a pharmaceutical composition oompri$ing a 
phosphonalkoxy substituted nucleoside of the invention according to formula (I), (D) or 
(in), more in particular having antiviral activity, yet more in particular against HIV. 
A further aspect of the invention provides for a method of treatment or prevention of a 
viral infection in a mammal, con^rising administering to the mammal in need of such 
treatment a therapeutically effective amount of a phosphonalkoxy substituted nucleoside 
of the invention. 

BRJEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 : Structure of a phosphonate nudeoside (A), a phiosphonoalkoxyalkyl nucleoside 
(2) aad threosyl micleoside phosphonates (3). 

Fipure 2 : Structure of fiirao, dihydrofiiran and tetrahydrofbran with their numbering. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitiom 

In each of the following definitions, the number of carbon atoms represents the maxinxum 
number of carbon atoms generally optimally present m substituent or linker; it i$ 
understood that where otherwise indicated in the present applieatioii> the nutnber of 
carbon atoms represents the optimal maximum number of carbon atoms for that particular 
substituent or Unker, 

Examples of five-membered, ox}^en, nitrogen or sulfur containing rings include but are 
not limited to tetrahydro&ran, dihydrofiiran, dioxolane ([l>21dio»:olane, [l,3]diioxolanO), 
oxathiolanes, isoxazolidines, and 3if-[l,2]dioxole. 

The term "furanose" refers to five-membered cyclic monosaccharides. The Tiumbering of 
monosaccharides starts at the carbon next to the oxygen inclosed in the ring and is 
indicated with a prime (•)- The term 'Turan*', "dihydrofuran" or "tetrahydrofuran" refers 
to a five-membered ring containing one oxygen atom with different saturations* They are 
exemplified in figure 2, together with Iheir numbering. 

The term "phosphonalkoxy" refers to a phosphonate coupled via an alkyl to W oxygen 
which can be coupled to another molecule. 

The phosphonalko:?)y substituted nucleosides of the invention are five-membered, 
saturated or unsaturated, oxygen, nitrogen or sulfur containing rings whereby a purine or 
pyrimidine base is coupled to a position of the ring and the 3 -position of the five- 
membered ring, relatival to the coupling position of the base* is substituted with a 
phosphonoalkoxy group. 
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The terra "3'-phosphonaIko75y fuxano&e moleosW refers to a puiine or pyiimidiine base 
coupled to the 1' positLoa of a furanose whereby the 3* position of the fijranose is 
Substituted with a phosphonoalkoxy group. 

The t€3cm "pyrimidine and punne bases" or "heterocyole selected firora the group 
consistimg of pyrimidme and purine bases" mdude but are not limited to adenjin$> 
thymine, cytokine, uracyL, guanine and (2»&-)diaminopunne and analogues thereof. A 
purine or pyrimidine base is a puiine or pyrimidine base found in naturally occurring 
nucleosides as nnentioned above. An analogue thereof is a base which minaics such 
naturally occurring bases in that their structures (the kinds of atoms and their 
arrani^ment) are similar to the naturally occurring bases but may either possess 
additional or lack certain of the fiinctianal propetrties of the ttaturally ocourriti^ bases. 
Such analogues include those derived by leplacemenl: of a CH moiety by a nitrogea atom, 
e.g. S-azapyrunidines such as S-azacytosine) or vice versa (e.g., 7-deazapuiines^ such as 
7-deazaa.denine or 7-deazaguanine) or both (e.g., T-deaza, B-azapurines). By derivatives 
of such bases or analogues are meant those bases wherein ring substituents arc either 
incorporated, removed, or modified by conventional substituents known in the art-, e.g., 
halogen^ hydroxy!^ amino, Ci-s alkyl. Such purine or pyrimidine baseSj. analogues and 
derivatives axe well known to those skilled in the art. In a particular embodiment, the 
terra "pyrimidine and purine bases" or "heterocycle selected from the group consisting of 
pyrimidine and purine bases*' refers to adenine, thymine, cytosine, uracyl and guanine. 
The term "alkyl" as used herein refers to C1-C18 normal, secondary, or tertiary 
hydrocarbon chains. Examples are methyl, ethyl, l-propyl, 2-propyl, 1-butyl, 2-methyM- 
propyl(i-Bu), 2-butyl (s-Eu) 2-methyl-2-propyl (t-Bu), l-pentyl (n-pentylX 2-pentyl, 3- 
pentyl, 2-mefliyI-2-butyl, 3-methyI-2-butyl, 3-methyH -butyl, 2-methyH-butyl, 1-hexyl, 
2-hexyl, 3-hexyl, 2"methyl-2-pentyI, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3- 
pentyl, 2-methyi-3-pentyl, 2,3-dimethyl-2-butyl, 3,3-dimethyl-2-butyl, w-pentyl, w-hexyl, 
/?-heptyl, yj-octyl, ff-nonyl, /?-decyli, rr-undecyl^. «-dodeoyl, w-trideoyl^ w-tetradeoyl, 
pentadeoyl, w-hexadecyl, «-heptadecyl, w-octadecyl, n-nonadecyl and «r-icosyL 
As used herein and unless otherwise stated, the term "cycloalkyF* means a monocyclic 
saturated hydrocarbon monovalent radical havixi^ from 3 to 10 carbon atoms^ such as for 
instance cyclopropyl, cyclobutyl, cyclopenlyl, cyclohexyl, cyclohcptyl, cyclooctyl and 
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•the like, or a C7-»o polycyclic saturated hydrocarbon monovalent rascal having from 7 to 
10 carbon atoms such as, for instance, notboinyl, fenchyl, trlraethyltricydoheplyl or 
adamantyl. 

As used herein and unless othesrwise stated, the term "cycloalkylene" refers to a cyclic 
hydrooarbon radical of 3-10 carbon atoms, and having two monovalent radical centers 
derived by the removal of two hydrogen atoms from the same or two dififerent carbon 
atoms of a parent alkane; Le. the divalent hydrocarbon radical coiresponding to the above 
defined C3-JQ cycloall?yl. 

The terms "alfcenyl" and "cycloalkenyl" as used herein is C2-C18 normal, secondary or 
tertiary and respectively C3-10 cyclic hydrooartjon with at least one site (usually 1 to 3, 
preferably 1) of unsaturation, i.e. a carbon-caxbon, sp2 double bond. Examples mclude, 
but are not limited to: ethylene or vinyl (-CH-CH2). aUyl (-CH2CH-CH2), 
cyclopentenyl (-C5H7), and 5-hexenyl (-CH2 CH2CH2CH2CH=CH2). The double bond 
may be in the cis or trans configuration. 

The terms "alkynyl" and "c>'cloalkynyr as used herem refer respectively C2-C18 
norratal, secondary, tertiary or the C3-10 oydBio hydrocarbon vvrith at least one site (usually 
1 to 3, preferably 1) of unsaturatioa, i.e. a carbon-carbon, sp triple bond. Examples 
include, but are not limited to: acettylenic {-CCH) and propargyl (-CH2CCH). 

The terras " Cm» alkylene" as used herein each refer to a saturated, branched or 
straight chain hydrocarbon radical of 1-18 carbon atoms, and having two monovalent 
radical centers derived by the removal of two hydrogen atoms fiom the same or two 
different carboaD atoms of a parent alkane. Typical alkylene radicals include, but are not 
limited to: methylene (-CHtt-) l>ethyl (-CH2CH2-), 1,3-propyl (-CH2CH2CH2-), 1,4- 
butyl (-CH2CH2CH2CH2-X and the like. 

The terms "alkenylene" and "gycloalkenyleme:" as used herein refer to an 
unsaturated branched chain, straight chain, and respectively a cyclic hydrocaiton radical 
of 2-18 respectively 3-10 carbon atoms, and having two monovalent radical centers 
derived by the removal of two hydrogen atoms from the same or two different carbon 
atoms of a parent alfcene, Le. double caibon-oarbon bond moiety. Typical alkenylwe 
radicals include, but are not limited to: 1,2-ethylene (-CH=CH-). 
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• 

The terms " alfcynylene" and "cycloalkynylene" as used herein refer respectively 
to an unsaturated, branched or straight chain of 2- IS carbon atoms or to a cyclic 
hydrocarbon radical of 3-10 carbon atoms respectively^ havmg two monovalent iradfeal 
centers derived by the removal of two hydrogen atoms from the same or two different 
carbon atoms of a parent alkyne, i.e. triple cajrbon-carbon bond moiety. Typical 
alfcynylene radicals mcluder -but- ace not^-Umrted-to;- acetylene (-G^C-X propargyl (- 
CmCO), and 4-penfynyl (-CM2CmCH2CXH-). 

The term "ar>4** as used herein means a aromatic hydrocarbon radical of 6-20 carbon 
atoms derived by the removal of hydrogen from a carbon atom of a pajrent aromatio ting 
system. Typical aryl groups include, but are not limited to 1 ring, or ^ or 3 rings iu$ed 
together^ radicals derived jBrom benzene, naphthal^e, i^hro, anthrac^e, biphenyl, and the 
like. 

"Arylalkyl" as used herein refers to an alkyl radical in which one of the hydrogen atoms 
bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with 4n airyl 
radical. Typical aiylalkyl groups include, but are not limited to, benzyl, 2-pheaiyl^aa-l- 
yl, 2-phenylethen-l-yl, naphthylmethyl, 2-naphthylethaa-l-yl. 2-aaphthylethen-l-yl, 
napfathobenzyl, 2-naphthophenylethan-l-yl and the like. The arylalkyl group comprises 6 
to 20 carbon atoms, e.g. the alkyl moiety, including aJkanyl, alkenyl or alkynyl groups, of 
the arylalkyl group is 1 to 6 carbon atoms and the aryl moiety is 5 to 14 carbon atoms. 
The term "heterocyclic ring" as used herein means pyridyl, dihydroypyridyl, 
tetrahydropyridyl (piperidyl), thiasolyl, tetrahydrothiophenyl, sulfur oxidized 
tetrahydrotbiophenyi, fijranyl, thienyl, pyrrolyl, pyrazolyl, imida;soIyl, tetrazolyl, 
benzo&ranyl, thianaphthalenyl, indolyl, mdolenyl, quiixolinyl, isoquinolinyl, 
benzimidasolyl, piperidinyl, 4-pipiM'Idonyl, pyrroKdinyl^ 2-pyrroIidonyl, pyrrolibiyl, 
tetrahydrofuranyl, bis-tetrahydrofuranyl, tetrahydropyranyl, bis-tetrahydropyranyl, 
tetrahydroquinolinylj, tetrahydroisoquinoUnyU decahydroguinolinyl^ 

octahydroisoqumoHnyl, azocinyl, triazmyl, 6H- l,2,5-.thiadia«inyl> 2H,eH- 1 , 5,2- 
dithiazinyl, thianthrenyl, pyranyl, isobenzofuranyl, chroraenyl, xanthenyl, phenoijathinyl, 
2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyxidazinyl, indoHzinyi^ isoindolyl, 3H- 
indolyl, IH-indazoly, purinyl, 4H-qumolizinyI, phthalazinyl, naphthyridinyl, 
quino^^alinyl, quinazolinyl, cinnolxnyl^ ptecidxnyl, 4aH-carba2olyl, carbazolyl, fi- 
le 
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carbolinyl, phenanthridmyl, acridinyl, pyrimidinyl^ phenacthrolmyl^ phenaxinyl, 
phenothisziayl, furazanyl, phenoxaziuyl, isochromanyl, chromanyl, iraidazolidinyl, 
imidazolmyl, pyrazolidinyl, pyrazolinyl, pipexmanyl, mdolinyl isoindoUnyl, 
qumuclidinyl, morpholinyl, oxazolidinyli bcnzotriazolyl, benzisoxazolyl, oxiiidolyl, 
beazoxazolinyl, benzothienyl, benzothiazolyl and isatRUoylE. 

Heteroaryl meajis pyridyl, dihydropyridyl, pyridazinyl, pyrimtdinyl, pyrazinyl, s- 
triazdnyl, oxazolyl imidazolyl, thiaaolyl, isoxazolyl^ pyrazolyl, isothiazolyl^ fuxajayl, 
thioiuranyl, thicnyl, and pynrolyl. 

By way of example, carbon bonded beterocycRc rings are bonded at position 2, 3, 4, 5, or 
6 of a pyridine, position 3, 4, 5, or 6 of a pyiidazixxe, position 2, 4, 5, or 6 of a pyrimidine, 
position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydxo&rait, 
thiofiiran, thiophene, pyrrole or tetrahydropyrrole, position 2^ 4^ or 5 of an oxa:?Ole, 
imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole, position 
2 or 3 of an aziridine, position 2, 3^. or 4 of an azetidine, position 2^, 3, 4, 5, 6, 7, or 8 of a 
quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Still more typically, carbon 
bonded heterocycles include 2-pyridyI, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3- 
pyridazinyl, 4-pyridazinyl, 5-pyridazinyl 6-pyridazinyl, 2-pyriniidinyl, 4-pyrimidiayl, 5- 
pyrimidinyl, 6-pyrimidinyl, 2-pyra2iinyl, S-pyrazinyl, S-^pyrazinyl, 6-pyrazinyl 2- 
thiazolyl, 4-thiazolyl, or S-thiazolyl. 

By way of example, nitrogen bonded heterocyclic rings are bonded at position 1 of an 
aziridine, azetidine, pyrrole, pyrrolidine, a-pyxroline^ 3-pyrroIine, imidazole, 
inudazolidine, 2-imida2oline, 3 -imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3- 
pyra^olme, piperidin^^ piperazine, indole, indoline, IH-indazote, position 2 of a 
isoindole, or isoindoUne, position 4 of a morpholine, and position 9 of a carbazole, or J3- 

caiboline. Still more typically, nitrogen bonded heterocycles include 1-aziridyl, 1- 

azetedyl, l-pyrrolyU 1-imidazolyl, l-pyrazolyl, and 1-piperidixXyl 

"Carbocycle" means a saturated, unsaturated or aromatic ring system having 3 to 7 
carbon atoms as a monocycle or 7 to 12 carbon atoms as a bicycle. Monocyclic 
carbocydes have 3 to 6 ring atoms, still more typically 5 or 6 ring atoms. Bicyclic 
carbocydes have 7 to 12 ring atoms, e.g- arranged as abicyclo [4,5], [5,5], [S,6] or [6,6] 
system, or 9 or 10 ring atoms arranged as a bicyclo [5,6] or [6,6] system. Examples of 
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nionocycUc carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, l-cydopent-l- 
enyU l-cyclopeiit-2-enyl, l-cydopeiit-3-eayll, Cycloh^yl, l-cydohex-l-eoyl, l-Cyolofe$;»:- 
2-&xy\ l-<yclohex-3-enyI, phenyl, spiryl and iiapMhyl. Carbocycle thus includes some 
aryl groups. 

The tenn "acyl** as used herein refers to substituted C(OX such as C(0)(alkyl, alkenyl, 
-^UgroyljT-axylHheterocydic-ring, arylalkyt-afylalfceilylr arylalfcy^ heterocycUc ring- 
alkyi, heterocyclic ring-alkenyl or heterocyclic ring-alkynyl) such as for example an 
alkanoyi group (alfcylcarbonyl, alfcyl coupled to a carboxiyllX ^ aroyl group 
(aiylcarbonyl, aryl attached to a carbonylX a aiylalkanoyl or a alkylaroyl group, wherein 
the C(0) is coupled to another molecule or atom and wherein said alkyl^ alkenyl and 
alfcynyl can contain a heteroatom in or at the end of the hydrocarbon chain, said 
h^roatom selected from O, S and As an example the tenn "acyloxyalkyl" rejEfefS to an 
acyl, coupled via an oxygen to alkyL, wherein the alkyi will be further coupled to another 
. atom. 

As an example, "alkylalkenylcaibonate" refers to a alkyl-OC(0)0-aIkenyI group, thus a 
carbonate substituted at one side with an alkyl and on the other side with an alkenyL One 
of the alkyl or alkenyl will be further coupled to another atom. 
As used herein and unless otherwise stated, the tmns Cut^ alkoxy 
cycloalkoxy aiyIoxy'\ "arylaUkyloxy "\ oxyheterocyclic ring*% "thio C3.7 

alkyl", ^' thio C^io cydoalkyl " aiylthio arylalkylthio and " thioheterocyclic 
ring'* refer to substituents wherein a C1.18 alkyl radical^ respectively a C3-10 cyoloalkyla 
aryl, arylalkyl or heterocyclic ring radical (each of them such as defmed herein), are 
attached to an oxygen atom or a sulfur atom through a single bond, such as but not 
limited to methoxy, ethoxy, propoxy, butoxy, thioethyl, thiomethyl, phenyloxy» 
benzyloxy^ mercaptobenzyl and the like. 

As used herein and unless otherwise stated^ the term halogen means any atom selected 
from the group consisting of fluorine (F), chlorine (CI), bromine (Br) and iodine (I). 

Any substxtuent designation that is found in more than one site in a compound of this 
invention shall be independently selected. 
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Substitiients optionally are designated with or without bonds. Regardless of bond 
indications, if a sabstituent is polyvalent (based on its position in the structure referred 
toX then any and all possible orientations of the substitueiit are intended. 

The compounds of the invention optionally axe bound covalently to an insoluble niatrix 
and used for affinity chromatography (sepaxatioas, depending on the nature of the groups 
of the compounds, for example compounds with aiyl are useful in hydrophobic affinity 
separations. 

The compoxinds of the invention are employed for the treatment or prophylaxis of viral 
infections, more particularly HIV infections. When using one or more compounds 
according to the formulas of the application like (I), (II), (nS) as defined herein: 

- the active ingredients of the compound(s) may be administered to the mammal 
(including a human) to be treated by any means well known in the art, i.e. orally, 
infcranasally^ subcutaneously, intramuscularly, intradermally^ intravenously, intra- 
arterially, parenterally or by catheterization. 

- the therapeutically eflfective amount of the preparation of the coinpound(s)> especially 
for tb& treatment of viral infections in humans and other mammals, preferably is a 
retraviral enzyme izj^bdhiting amount. More preferably^ it is a retroviral replication 
inhibitibog amount or a retroviral enzyme inhibiting amount of the derivative(s) of 
formula CO, (II) or (HI) as defined herein corresponds to an amount which ensures a 
plasma level of between l^g/ral and 100 mg/ml, optionally of 10 mg/ml. This can be 
achieved by administration of a dosage of in the range of 0.001 rag to 20 mg^ 
preferably 0.01 mg to 5 mg, preferably 0,lmg to 1 mg per day per kg bodyweigbt for 
humans. Depending upon the pathologic condition to be treated and the patient's 
condition, the said effective amount may be divided into several sub-units per day or 
may be administered at more than one day intervals. 

The preseait invention further relates to a method for preventing or treating a viral 
infections in a subject or patient by administering to the patient in need thereof a 
therapeutically eflfective amount of phosphonate nucleosides of the present invention. 
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The therapeutically effeciive amount of the prqparatioa of the Gonipouiid<»X especially 
for the treatmeut of viral m&ctioss in humans and other mammals^ preferably is HIV 
protein/enzyme inhibiting amount. More preferably, it is a HTV replication inhibiting 
amount or a HIV enzyme inhibiting amount Of the derivative(s) of the formulas as 
defined herein. Suitable dosage is usually in the range of 0.001 mg to 20 mg, preferably 
0.01 mg to 5 mg, preferably OJnig to 1 mg per day per kg bodyweight for humans. 
Depending upon the pathologic condition to be treated and the patient's condition^ the 
said effective amount may be divided into Kveral sub-units pear day or may be 
administered at more than one day intervals. 

As is conventional in the art, the evaluation of a synergistic effect in a dirug combination 
may be made by analyzing the quantification of the interactions between individual 
dmgs, using the median effect principle described by Chou et al. in Ad^^, Enzyme Reg. 
(19S4) 22:27. Briefly, this principle states that interactions (synergism, additivity, 
antagonism) between two drugs can be quantified using the combination index 
(hereinafter referred as CI) defined by the foIloTving equation: 



wherein EDyris the dose of the first or respectively second drug used alone (la, 2a>, or in 
combination with the second or respectively first drug (lo, 2c), which is needed to 
produce a given effect. The said first and second drug have syncr^stic or additive or 
antagonistic effects d^ending upon CI< 1^ CI = 1, or CI > 1, respectively. 

Synergistic activity of the pharmaceutical compositions or combined preparations of tWg 
invention against viral infection may also be readily detennined by means of one or more 
tests such as, but not limited to, the isobologram method, as previously described by 
Elion et al. in ^ BioL Chem. (1954) 208:477-488 and by Baba et al. in Antimicrob. 
Agents Chemother. (1984) 25:515-517, using EC50 for calculating the ftaclional 
inhibitory concentration (hereinafter r^erred as FIC). When the minimum FIC index 
correiqponding to the FIC of combined compounds (e.g., FICs + FICy) is equal to 1.0, the 
combination is said to be additive; when it is beween i,0 and 0.5, the combination is 
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de&ned as subsynargistic, and when it is lower HmK 0.5, the combmation is defined 
synergistic. When the minimura FIC index is between 1.0 and 2.0, the combination is 
defined as subantagonistio and, when it is higher than 2,0, the OOnXbination is defined as 
antagomstia 

This principle may be applied to a combination of diflfereirt awti^aJ dn^s of the 
invention or to a combination of the antiviral diugs of the invention with other drags that 
exhibit anti-HTV activity. 

The invention thus relates to a pharmaceutical composition or combined preparation 

having syneorgistic effects against a viral infection and containing: 

Either; 

A) 

(a) a combination of two or more of the phosphonate nucleosides of the prese^xt 
invention, and 

(b) optionally one or more pharmaceutical excipients or phaxmaceutically acceptable 
earners, 

for simultaneous, separate or sequential use in the treatment or prevention of a viral 

in&ction 

or 

B> 

(c) one cwr more anti- viral agents, and 

(d) at least one of the phosphonate nucleosides of the present invention, and 

(e) optionally one or more pharmaceutical excipients or pharmaceutically acceptable 
earners, 

for simultaneous, separate or sequential use in the treatment or prevention Of a viral 
in&ction. 

Suitable anti-viral agents for inclusion into title synergistic antiviral compositions or 
combined preparations of this invention include practically all known anti-HIV 
compounds known at this moment such as nucleoside and non-nucleoside reverse 
transcriptase inhibitors, proteases inhibitors and integrase inhibitors. 
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The pharmaceutical composition or combined preparation with synergistic activity 
against viral infection according to this invention may contain the phosphonate 
nucleosides of the present invention, compounds according to the formulas of the 
application like (1), (H), (JH). over a broad content range depending on the contemplated 
use and the e??pected effect of the preparatiioxi. Genially, the content of the phosphonate 
nucleosides of the present invention of -the -eoi»femed prepajration4s wi^^ of 
0.1 to 99.9% by weight, preferably from 1 to 99% by weight, more preferably from 5 to 
95% by weight. 



According to a particular embodiment of the invention^ the compounds of the invention 
may be employed in combination with other therapeutic agents for the treatment or 
prophylaxis of HIV infections. The invention therefore relates to the use of a composition 
compnsing: 

(a) one or nmre compounds of formula QX)^ ox (JJI)^ and 

0>) one or more HCV /protein-enzyme inhibitors as biologically active agents in 
respective proportions such as to pcovide a synergistic elEfect against a viraJ infection, 
particularly a HIV infection in a manunal, for instance in the fonn of a combined 
preparation for simultaneous, separate or sequential use in viral infection therapy, 
such as HIV. 



When using a combined preparation of (a) and (b): 

- the active ingredients (a) and (b) may be administered to the maonnal (including a 
human) to be treated by any means well known in the art, i.e. orally, intranasally, 
subcutaneously, intramuscularly, intradermally, intravenously^ intra-aiterially, 
parenterally or by catheterization. 

- the therapeutically effective amount of the combined preparation of (a) ^rxd (b), 
especially for the treatment of viral infections in humans and other mammals, 
particularly is a HEV enzyme inhibiting amount. More particularly, it is a HIV 
replication inhibiting amount of derivative (a) and a HIV enzyme inhibiting amount 
of inhibitor (b). Still more particularly when the said UIV enzyn:ie inhibitor (b) is a 
reverse transcriptase inhibitor, its effective amount is a reverse tran$criptase 
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inhibiting amount. When the said HTV enzyme inhibitor (b) is a protease inhibitor^ its 
effective amount is a protease inhibiting amount. 
- ingredients (a) and (b) may be administered siccmltaaeously but it is also beneficial to 
administer them separately or sequentially, for instance within a relatively short 
period of time (e g. within about 24 hours) in order to achieve their fiinctional flision 
itn the body to be treated. 

The invention also relates to the compounds of the invention, compounds according to 
the formulas of the application Kke (I), (II), QIT) being used for inhibition of the 
proliferation of other viruses than HIV, particularly for the inhibition of other retrovirases 
and lentivimses and also for the inhibition of flaviviruses or picornaviruses such as 
BVDV, HCV, HBV or Coxsackie virus^ with in particular yellow fever vims. Dengue 
virus, hepatitis B virus, hepatitis G vuus, Classical Swine Fever virus or the Border 
Disease Viros?. Als other viruses may be ijoMbited mch as HSV, CMV amd Sars-vims. 

The present invention further provides veterinary compositions comprising at least one 
active iiigredient as above dejRned together with a veterinary carrier therefore. Veterinary 
carriers are materials usefbl for the purpose of administering the composition and may be 
solid, liquid or gaseous materials which are otherwise inert or accqptable in the veterinary 
art and are compatible with the active ingredient. These veterinary compositions may be 
administered orally, parenterally or by any other desired route. 

More generally:, the invention relates to the compounds according to the formulas of the 
application like CD* C^X (HI) being usefld as agents having biological activity 
(particulady antiviral activity) or as diagnostic agents. Any of the uses mentioned with 
respect to the present invention may be restricted to a noxn-medical me^ a. non-therapeuUc 
use, a non-diagnostic use, or exclusively an in vitro use, or a use related to cells remote 
firom an animal. 

Those of skill in the art will also recognize that the compounds of the invention may eTdst 
in many different protonation states, depending on, among other things, the pH of their 
environment. While the stmctural formulae provided herdln depict the compounds in only 
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one of several possible protonation stateS:. it will be understood that these structures are 
illustrative only, and that the mvention is not limited to any particular protonation state, 
any and all protonated forms of the compounds are intended to &U within the Scope of 
Ifhe invention. 

The-term "pbarmaceuticaliy-acc^eptable^alts--a$>u$ed herein^means^Jthe. therapeutically 
active non-toxic salt forms which the compounds accordiiig to the formulas of the 
appUcation like (I)^ CD), (DI) are able to form. Thereifore, the compounds of this invention 
optionally comprise salts of the compounds herein, especially pharmaceulically 
acceptable non-toxic salts containing^ for eii^ample, Na-«-, Li+> K+, Ca+2 and Mg+2. Such 
salts timy include those derived by combination of appropriate cations such as alkali and 
alkaline earth metal ions or ammonium and quateixiary amino ions with an acid anion 
moiety, lypically a carboxylic acid. The ccnnpoundss of the invention may bear multiple 
positive or negative charges. The net charge of the compounds of the invention may be 
either po^tive or negative. Any associated counter ions are typically dictated by the 
synthesis and/or isolation methods by which the compounds are obtained. Typical 
counter ions include^ but are not limited to ammonium, sodium, potassium^ lithium^ 
halides^ acetate, trifluoroacetate, ^c, and nurtures thereof It will be understood that the 
identity of any associated counter ion is not a critical feature of the invention, aud that the 
invention encompasses the compounds in association with any type of counter ion. 
Moreover, as the compounds can exist in a variety of different forms, the invention is 
intended to encompass not only forms of the compounds that are in association with 
counter ions (e.g., dry salts), but also forms that are not in association with counter ions 
(e.g., aqueous or organic solvations). Metal salts typically are prepared by reacting the 
metal hydroxide with a compound of this invention. Examples of metal salts which arc 
prepared an this way are salts containing Li+, Na+, and A less •soluble metal salt can 
be precipitated from the solution of a more soluble salt by addition of the smtaMe metal 
compound. In addition, salts may be formed from acid addition of certain organic and 
inorganic acids to basic centers, typically amines, or to acidic groups* Examples of such 
appropriate acids include, for instance, inorganic acids such as hydrohalic acids, e.g. 
hydrochloric or hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like; 
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or organic acids »ucb as, for esamplej acedc^ propanoic, hydroxyac^tic^ 2- 
hydroxypropanoic, 2-ox:opropanotc, lactic, pyruvic, oxaiic (i.e. ethaaedioic), malonicj 
succinic (i.e. butanedioic acid), maleic, fumaric, malic, tartaric, citric, methanesulfonic, 
ethanesulfonic, benzenesulfonic, p-toIuenesulfomC;, cyclohe^cax^esulfamic, salicylic (i.e, %- 
hydroxybenzoicX p-aaiinosalicylic and the like. Furthermore^ this term also includes the 
solvates which the compounds according to the formulas of the application like (I), (H), 
(ID) as well as their salts are able to form, such as for e?fsmple hydrates^ alcoholates ^4 
the like. Finally, it is to be understood that the compositions herein comprise compounds 
of the iixvention in their unionized, as well as zwitterionic forna^ and combinations with 
stoichiometric amounts of water as in hydrates. 

Also included within the scope of this invention axe the salts of the parental compound* 
with one or more amino acids^, especially the naturally-occuning amino acids found as 
protein components. The amino acid typically is one bearing a side chain with a basic or 
acidic group, e.g., lysine, arginine or glutamic acid, or a neutral group such as glycfaie, 
serine, Ihreomne, alanine, isoleuctne, or leucine. 

The compounds of the. invention also include physiologically acceptable salts thereof. 
Examples of physiologically acceptable salts of the compounds of the invention include 
salts derived from an appropriate base;, such as an aUcali metal (for example, sodiumX an 
alkaline earth (for example, magnesium), ammonium and NX4+ (whereiix X is CI-C4 
alkyO* Physiologically acceptable salts of an hydrogen atom or an amino group include 
salts of organic carboxylic acids such as acetia, benzoic, lactic, fUmaric^ tartaric, maleio» 
malonic, malic, Isethionic, lactobionic and succmic acids; organic sulfonic adds, such as 
methanesulfonic^ ethanesulfonic, benzenesulfbnic and p-totuenesulfonic acids; axxd 
inorganic acids, such as hydrochloric, sulfuric, phosphoric and sulfamic acids. 
Physiologically acceptable salts of a compound contaimng a hydroxy group include the 
anion of said conq>ound in combination with a suitable caUon such as Nan- and NX4+ 
(wherein X typically is independently selected from H ox a C1-C4 alkyl group). 
However, salts of acids or bases which are not physiologicaUy acceptable may also find 
use, for example, in the preparation or purification of a physiologically acceptable 
compound. All salts, whether or not derived form a physiologically acceptable acid or 
base, are within the scope of the present inveiXtiOjA. 
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As used herein and unless otherwise stated;, the term "enantioraer^* means each individual 
optically active form of a compoimd of the invention, having an optical purity or 
enantiomeric excess (as determined by methods standard in the art) of at least 80% (i.e. at 
least 90% of one enantioraer and at most 10% of the other ensntiomer^ preferably at ieast 
90% and more prefferably at least 98%. 

The tenn "isomers" as used herein means all possible isomeric fbrms, including 
tautomeric and sterochemical forms, which the compounds according to the formulas of 
the application like (I), (nX (HI) may possess^ but not including position isomers. 
Typically; the structures $how herein exemplify only one tautomeric or resonance form 
of the compounds, but the corresponding alternative configurations are contemplated as 
well. Unless otherwise stated, the chemical designation of compounds denotes the 
mi?cbire of all possible stereochemically isomeric forms, said mixtures containing all 
diaat^eomers and enantiorners (since the compounds according to the formulas of the 
application like (1), (II), (ffl) may have at least one chiral center) of the basic molecular 
structure, as wel as the stereochemically pure or enriched compounds. More paiticulariy, 
stereogenic centers may have either the R- or S-configuration^ and multiple bonds may 
have either ois- or trans-configuration. 

Pure isomeric forms of tihie said compounds are defined as isomers substantially free of 
other enandomeric or diastereomeric forms of the same basic molecular structure. In 
particular^ the term "stereoisomerically pure" or *'chirally pure" relates to compounds 
having a stereoisomeric excess of at least about 80% (i.e. at least 90% of one isomer and 
at most 10% of the other possible isomers), prefer^ly at least 90%;^ more preferably at 
least 94% and most preferably at least 97%. The terms "enantiomerically pure'' and 
"diastereomerically pure'* should be understood in a similar way, having regard to the 
enantiomeric excess, respectively the diastereomeric excess, of the mixture m question. 
Separation of stereoisomers is accomplished by standard methods known to those tn the 
art One enantiomer of a compound of the invention can be separated substantially free of 
Its opposing enantiomer by a method such as formation of diastereomers using optically 
active resolving agents ("Stereochemistry of Carbon Compounds/' (1962) by Hiel, 
McCSrawHill; Lochmuller, C. H., (1975) J. Chromatogr., 113 :(3) 253-302). Separation of 
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Isomers in a mixture can be accomplished by any suitable method, including: (1) 
formation of ionic, diastereomeric salts with chiral compounds and separation by 
fractional crystallization or other methods, (2) formation of diastereomerio compounds 
with chiral derivatizing reagents, separation of the diastereomers, and conversion to the 
pure enantiomers, or (3) enantiomers can be separated directly under chiral conditions. 
Undecr method (1), diastereomeric salts can be fonned by reaction of emntioraerieally 
pure chiral bases such as bxxioine, quinine, ephedrine, strychnine, a-methyl-b- 
phenylethylamine (amphetamine), and the like with asymmetric compounds bearing 
acidic functionality, such as carboxylic acid and sulfonic acid. The diastereomeric salts 
may be induced to separate by fractional crystallization Or iomo chromatography. For 
separation of the optical isomers of amino compounds, addition of chiral carboxylic or 
sulfonic acids, such as camphorsulfonic acid^, tartaric acid, mandelic acid, or lactic acid 
can result in formation of the diastereomeric salts. Alternatively, by method (2), the 
substrate to be resolved may be reacted with one enantiomer of a chiral compound to 
form a diastereomeric pair (Eliel, E. and Wilen, S- (1994) Stereochemistry of Organic 
Compounds, John Wiley & Sons, fac, p. 322), Diastereomeric compounds can be formed 
by reacting asymmefcric compounds with enantiomerically pure chiral dearivatiziog 
reagents, such as msnthyl derivatives, followed by separation of the diastereomers and 
hydrolysis to yield the fre^ enantiomerically inched compounds of the invention. A 
method of detenruning optical purity involves maldng dbiral esters^* such as a menthyl 
ester or Mosher ester, a"methoxy-a-(trifluoromethyl)phenyl acetate (Jacob BI, (1982) J 
Org. Chem- 47:4165), of the racemic mixture^ and analyzmg the ItMR spectrum for the 
presence of the two atropisomeric diastereomers. Stable diastereomers can be separated 
and isolated by normal- and reverse-phase chromatography following methods for 
separation of atropisomeric naphthyl-isoquinolines (Hoye, T., WO 96/15XIl)»Under 
method (3X a racemic mixture of two asymmetric enantiomers is separated by 
chromatography using a chiral stationary phase. Suitable chiral stationary phases are, for 
example, polysaccharides, in particular cellulose or amylose derivatives. CommerciaHy 
available polysaccharide based chiral stationary phases are ChiuralCel™ CA, OA, OBS, 
0C5, OD, OF, OG, OJ and OK, and ChiialpakTM A», AS, OP(+) and OT(+). 
Appropriate eluents or mobile phases for use in combination with said polysaccharide 
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chiral stationary phases are hexane ajid the like, modified with an alcohol such as ethanol, 
isopropaaol and the like. ("Chiral Liquid Chromatography" (1989) W. J. Lough, Ed. 
Chapman and Hall, New York; Okamoto, (1990) "Optical resolution of dihydropyridine 
enantiomers by High-performaace liquid chromatography using phenylcarbamates of 
polysaccharides as a clural stationaiy phase", X of Chromatogr. 513:375-378). 
The tenns cis and trans are used heroin in accordance with Chemical Abstracts 
nomenclature and include reference to the position of the substitueoits on a ring moiety. 
The absolute stereochemical configuration of the compounds according to the formulas 
of the application Kke (J), (D), (CI) may easily be detennined by those skilled in the art 
while using well-known methods such as^ for eiranq^le^ X-ray diflfraction or NMR, 

The compounds of the invention may be fornaulated with conventional carriers and 
KCtpientSp which will be selected in accord with ordinary practice. Tablets will contain 
exclpients, giidants, jSUers, binders and the like. Aqueous formulations are prepared in 
sterile form» and when intended for delivery by other than oral administration generally 
will be isotonic. Formulations optionally contain ex:cipients sudi as those set forth in the 
'Handbook of Pharmaceutical EKclpients^ (1986) and include ascorbic acid and othw 
antioxidants, dielatiu^ agents such as EDTA, carbohydrates such as dexlrin, 
hydrOTsyalkylcellulose, hydro?£yaIkylmeihy!cellulose, stearic acid and the like. 
Subsequently^ the term "pharmaceutically acceptable carrier'' a$ used herein means any 
material or substance with which the active ingredient is formulated in order to &cilitate 
its application or dissemination to the locus to be treated^ for instance by dissolving, 
dispersing or dif&ising the said composition, and/or to ^cilitate its storage^ transport or 
handling without impairing its effectiveness. The pharmaceutically acceptable carrier 
may be a solid or a liquid or a gas which has been compressed to form a liquid^ i.e, the 
compositions of this invention can suitably be used as concentrates, emulsions, solutions, 
granulates, dusts^ sprays, aerosols, suspensions^ ointments^ creams^, tablets^ pellets or 
powders. 

Suitable pharmaceutical carriers for use in the said pharmaceutical compositions and their 
formulation are well known to those skilled in the art, and there is no particular restriction 
to their selection within the present invention. They may also include additives such as 
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wetting agents^ dispersing agents, stickers, adhesives^ emulsifying agents, solvents, 
coatings, antibacterial and antifungal a^jots (fer ewiample pheool, soihic acid, 
chlorobutanol), isotonic agents (such as sizars or sodium chloride) and die like, provided 
the same are consistent with pharmaceutical practice, le, carriers and additives which do 
not create permanent damage to mammals. The pharmaceutical compositions of the 
present invention may be prepared in any known manner^ for instance by homogeneously 
mixing, coating and/or grinding the active ingredients, in a one-step or multi-steps 
procedure, with the selected carrier material and^ where appropriate^ the other additives 
such as surface-active agents may also be prepared by inioronisationj, for instance in view 
to obtain them in the form of microspheres usually having a diamet^ of about 1 to 10 
gm, namely for the manufacture of microcapsules for controlled or sustained release of 
the active ingredients. 

Suitable surface-active agents, also known as emulgent or emulsifier^ to be used in the 
pharmaceutical compositions of the present invention are non-ionioj cationic and/or 
anionic materials having good emulsifying, dispersing and/or wettiisg properties. Suitable 
anionic surfactants include both water-soluble soaps and water-soluble synthetic surface- 
active agents. Suitable soaps are alkaline or alkaline-earth metal salts^ unsubstituted or 
substituted ammonium salts of higher fatfy acids (C10-C22), e.g. the sodium or potassium 
salts of oleic or stearic acid, or of natural fetty acid mixtures obtainable form coconut oil 
or tallow oil. Synthetic surfactants include sodium or calcium salts of polyacrylic acids; 
fatty sulphonates and sulphates; sulphonated benzimidazole derivatives and 
alkylarylsulphonates. Fatty sulphonates or sulphates are usually in the form of alkaline or 
alkalin&'earth metal salts, unsubstituted ammonium salts or ammonium salts substituted 
with an alfcyl or acyl radical having from 8 to 22 carbon atoms, e.g. the sodium or 
calcium salt of lignosulphonic acid or dodecylsulphonic acid or a mixture of :&t1y alcohol 
sulphates obtained fiom natural fetty acids, alkaline or alkaline-earth metal salts of 
sulphuric or sulphonic acid esters (such as sodium lauryl sulphate) and sulphonic acids of 
fatty alcohol/ethylene oxide adduces. Suitable sulphonated benzimidazole derivative® 
preferably contain 8 to 22 carbon atoms. Examples of alkylarylsulphonates are the 
sodium, calcium or alcanolamine salts of dodecylbenzene sulphonic acid or dibutyl- 
naphtalenesxilphonic acid or a naphtalene-sulphonic acid/formaldehyde condex^SM^ion 
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product. Also suitable are the corresponding phosphates, e.g. salts of phosphoric acid 
ester and an adduct of p-uonylphenol with ethylene and/or propylene oxide, or 
phospholipids. Suit^le phospholipids for this purpose are the natural (originating from 
animal or plaiit ceMs) or synthetic phospholipids of the cephalin or lecithin type such as 
e.g. phosphatidyledianolamine, phosphatidylserine, phosphatidylglycerine, lysollecithio, 
cardiolipin^ dioctanylphosphatidyl-cholme, diqpaloiitoylphoshdtjidyl -Oholine and thdr 
mixtures. 

Suitable non-ionic sur&ctants include polyethoxylated and polypropoxylated derivatives 
of alkylphenols, fetty alcohols, fatty acids, aliphatic amines or amides containing at least 
12 carbon atoms in the molecule^ alkylare^aesulphonates and diallQf'lsulphosuocdiixates^ 
such as polyglycol ether derivatives of aliphatic and cycloaliphatic alcohols, saturated 
and unsaturated fetty acids and alkylphenols, said derivativess preferably containing 3 tq 
10 glycol ether groups and 8 to 20 caibon atooas in the (alxphiatiQ) hydrooarboxX moiety 
and 6 to 18 carbon atoms in the alkyl moiety of the alkylphenoL Further siutable non- 
ionic surfkctants are water-soluble adducts of polyethylene oxide with poylypropylene 
glycol, ethylenediaminopolypropylene glycol containing 1 to 10 carbon atoms in the 
alkyl chain, which adducts contain 20 to 250 ethyleneglycol ether groups and/or 10 to 
100 propyleneglycol ether groups. Such compounds usually contain firora 1 to 5 
ethyleneglycol units per propyleneglycol imit Representative examples of non-ionic 
surfactants are nonylphenol -polyethoxyethanol, castor oil polyglycolic ethers, 
polypropylene/polyethylene oxide adducts, tributylphenoxypolyethoxyethanol, 
polyethyleneglycol and octylphenoxypolyetho7?yethanoL Fatty acid esters of polyeijiylene 
sorbitau (such as polyoxyethylene sorbitan trioleate), glycerol, sorbitan, sucrose and 
pentaerythritol are also suitable non-ionic surfactants. 

Suitable cationic surfeotants include quaternary ammomum salts^ p^icularly haUde$, 
having 4 hydrocarbon radicals optionally substituted with halo, phenyl, substituted 
phenyl or hydroxy; for instance quaternary ammomum salts containing as N-substituent 
at least one C8C22 alkyl radical (e.g. cetyl, lauryl, palmityl, myristyl, oleyl and the like) 
and, as further substitiients, unsubstituted or halogenated lower alkyl, benzyl and/or 
hydroxy-lower alkyl radicals. 
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A more detailed desoiirtion of surfece-active ^ents suitable for this purpose may be 
found for instance in "McCutdieon's Detergents and Emulsifiers Annual" (MC 
Publishing Crop., Ridgewood, New Jersey, 1981% "Tensid-Tasohenbucw', 2 d ed. 
CHanser Verlag, ViennB, 1981) and TBnoyclopaedia of Suifectant5» (Chemical Publishing 
Co., New York, 1981). 

Compounds of the invMition and their physiologically acceptable salts (heareaflei 
collectively referred to as the active ingredients) may be administered by any route 
appropriate to the condition to be treated, suitable routes including oral, rectal, nasal, 
topical (including ocular, buccal and sublingual), vaginal and parent^al (including 
subcutaneous, intramuscular, intravenous, intradermal, intrathecal and qpidural). The 
preferred route of administration may vary with for example the condition of the 
recipient. 

While it is possible for the active ingredients to be administered alone it is preferable to 
present them as pharmaceutical formulations. The formulations, both for veterraary and 
for human use, of the present invention comprise at least one active ingredient, as above 
described, together with one or more phaxmaceutically acceptable carriers therefore and 
optionally other therapeutic ingredients. The carrier(5) optimally are "acceptable" in the 
sense of being compatible with the other ingredients of the formulation and not 
deleterious to the recipient thereof The formulations include those suitable for oral, 
rectal, nasal, topical (including buccal and sublingual), vaginal or parenteral (including 
subcutaneous, intramuscular, mtravenous, intradennal, intrathecal and epidural) 
administration. The formulations may conveniently be presented in unit dosage fbnn and 
may be prepared by any of the methods wefi known in the art of phaimacy. Such methods 
include the step of brmgmg mto association the active ingredient witb ih» carrier which 
constitutes one or more accessory ingredients. In general the formulations axe prepared 
by uniformly and intimately bringing into association the active ingredient with liquid 
carriers or finely divided solid caixiers or both, and then, if necessary, shaping the 
product 

Formulations of the present invention suitable for oral administration may be presented as 
discrete units such as capsules, cachets or tablets each containing a predetermined 
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amount of the active ingredient; as a powder or granules; as solution or a suspension in an 
aqueous liquid or a non-aqueous liquid; or as an oil-in-water Uquid eimlsion or a vvater- 
in-oU liquid emulsion. The active ingredient may also be presented as a bolus» electuary 
or paste. 

Atablet may be made by compression or molding, optionally with one or more accessory 
ingredients. Compressed tablets may be prepared by compressing in a suitable machine 
the active ingredient in a free-flowuig form such as a powder or granules, optionally 
mixed with a binder, lubricant, inert diluent, preservative, surface active or dispersing 
agent. Molded tablets may be made by molding in a suitable machine a mixture of the 
powdered compound moistened with an iufflrt liquid dttuent, The tablets may optionally 
be coated or scored and may be formulated so as to provide slow or controlled release of 
the active ingredient therein. For infections of the eye or other external tissues e.g. mouth 
and skin, the formulations are optionally appUed as a topical ointment or cream 
containing the active ingredient(s) in an amount for estample, 0.075 to 20% w/w 
(including activB ingrcdientCs) in a range between 0.1% and 20% in increments of 0.1% 
wAv such as 0.6% w/w, 0.7% wAv, etc), preferably 0.2 ts> 15% w/w and most preferably 
O.S to 10% w/w. When formulated in an ointment, the active ingredients may be 
employed with dther a paraflinic or a waterHDoisdble otatment base. AJtcanatively, the 
active ingredients may be formulated in a cream with an oU-in-water cream base. If 
desired, the aqueous phase of the cream base may include, for ffljample, at least 30% w/w 
of a polyhydric alcohol, i.e. an alcohol having two or mote hydroTKyl groups such as 
propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol 
(including PEG400) and mixtures thereof. The topical forraulationa may dearably 
include a compound which enhances absorption or penetration of the active ingredient 
through the skin or other affected areas. Examples of such dermal penertralion enhancers 
include dimethylsulfoxide and related analogs. 

The oily phase of the emulsions of this invention may be constituted from known 
ingredients in a known manner. While the phase may comprise merdy an emulsifier 
(otherwise known as an emulgent), it desirably comprises a nrixmre of at least one 
emulsifier with a fet or an oil or with both a fat and an oH. Optionally, a hydrophiUc 
emulsifier is included together with a lipophiUc Knulsifier which acts aS ft ^tabiUzer. It is 
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also preferred to include both an oil and a fat. Together, the OTiulsifier(s) with or without 
I5tabiliiz^(5) make up the so-called emulsifying wa>f, the wax together with the oil 
and fat make up the so-called emulsifying ointment base which forms the oily dispersed 
phase of the cream formulations. 

The choice of suitable oils or fats for the formulation is based on achieving the desired 
cosmetic properties, since the solubility of the active compound xn most oils likely to be 
used in pharmaceutical emulsion formulations is very low. Thus the cream should 
optionally be a non-greasy, non-staining and washable product with suitable consistency 
to avoid leakage from tubes or other containers. Straight or branched chain, mono- or 
dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propylene glycol diester of 
coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate, 
2-ethy1hexyl palmitate or a blend of branched chain esters tonown as Crodamol CAP may 
be used, the last three being preferred esters. These may be use4 ^lom ox m combiit^ation 
depending on the properties required. Alternatively, high melting point Upxd$ $uOh a* 
white soft paraffin and/or liquid paraffin or other mineral oils can be used. 
Formulations suitable for topical administration to the eye also include eye drops wherein 
the active ingredient is dissolved or suspended in a suitable caxrier^i especially an aqueous 
solvent for the active ingredient. The active mgredient is optionally present in suoh 
formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10% particularly 
about 1.5% w/w. l^ormulations suitable for topical administration in the mouth include 
lozenges comprising the active ingredient in a flavored basis, usually sucrose and acacia 
or tragacanth; pastilles comprising the active ingredient in an inert basis such as gdatixi 
and glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredimt in 
a suitable liquid carrier. 

Formulations for rectal administration may be presented as a suppositoxy with a suitable 
base comprising for example cocoa butter or a salicylate. Formulations suitable for nasal 
administration wherein the cairiear is a solid include a coarse powder having a particle 
size for example in the range 20 to 500 microns (including particle sizes in a range 
between 20 and 500 microns in increments of S microns such as 30 microns, 35 microns, 
etc), which is administered in the manner in which snuff is taken, i.e. by rapid inhalation 
through the nasal passage from a container of the powder held close up to the uose. 



33 



4.Mrt. 2004 18:42 +32 16 326515 



Nr. 1 582 p. 41/75 



Suitable foraiulations wherein the cairier is a liquid, for administTation as for example a 
nasal spray or as nasal drops, include aqueous or oily solutions of the active in^dient. 
Formulations suitable for aerosol administration may be prepared according to 
conventional methods and may be delivered with otibiertherapeutjic agents. 
Formulations suitable for vaginal administration may be presented as pessaries^ tanqions^ 
-creams^ gelsf^-pastes, foams or spray formulatioi^ contaiaing-in- addition to the active 
ingredient such carriers as are known in the art to be appropriate. 

Formulations suitable for parenteral administration inchide aqueous and non-^aqueous 
sterile injectk>n solutions which may contain anti-oxidants, buffers^ baoteriostats and 
solutes which render the jSDrmuIation isotonic mth the blood of the intended recipient; 
and aqueous and non-aqueous sterile suspensions which may include suspendijd(g dg^nts 
and thickemng agents. The formulations may be presented in unit-dose or muM-dose 
containers, for example sealed ampoules and vials, and may be stored in a fireese-dried 
(Jyophilized) condition requiring only the addition of the sterile liquid carrier^ for 
example water for injections, immediately prior to use, E^idtemporaneous injectioji 
solutions and suspensiQns may be prepared from sterile powders^ granules and tablets of 
the kind previously described. 

Preferred unit dosage formulations are those containing a daily dose or unit daily sub- 
dose, as herein above recited, or an appropriate fraction thereof, of an active ingredient. 
It should be understood that in addition to the ingredients particularly mentioned above 
the formulations of this invention may mclude other agents conventional in the art haviiag 
regard to the type of formulation in question, for example those suitable for oral 
administration may include flavoring agents. 

Compounds of the invention can be used to provide controlled release pharmaceutical 
formulations containing as active ingredient one or more compounds of the invention 
("controlled release formulations") in which the release of the active ingredient can be 
conlralled and regulated to allow less frequency dosing or to improve the 
pharmacokinetic or toxicity profile of a given invention compound. CoxXtXoUed release 
formulations adapted for oral administration in which discrete units Comprising one or 
more compounds of the invention can be prepared according to conventional methods. 
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Additioml ingredients may be induded in order to control the dxiration of action of the 
active ingredient in the composition* Control release compositions may tlxus be aohieved 
by selecting appropriate polymer carriers such as for example polyesters^ polyamino 
acids, polyvinyl pyrrolidone, ethylene-vinyl acetate copolymers, methylcellulose, 
carboxymethylcellulose, protamine sulfate and the like. The rate of drug release and 
duration of action may also be controlled by incorporatiiig the active ingredient into 
particles, e.g. microcapsules, of a polymeric substance such as hydrogels, polylactic acid, 
hydioxymethylcellulose, polyniethyl methacrylate and the other above-described 
polymers. Such methods include colloid drug delive?^ systems like liposomes, 
microspheres, microemulsions, nanopartacleSj nanocapsules and so on. Dependij^ on the 
route of administration, the pharmaceutical composition may require protective coatmgs. 
Pharmaceutical forms suitable for injectionable use include sterile aqueous solutions or 
dispersions and sterile powders for the extemporaneous preparation thereof Typical 
earners for this purpose therefore include biocompatible aqueous buflfers, etlmnol^ 
glycerol, propylene glycol, polyethylene glycol and the like and mixtures thereof. 

la view of the fact that, when several active ingredients are used in combination, they do 
not necessarily bring out their joint therapeutic effect directly at the same time in the 
mammal to be treated, the corresponding composition may also be in the form of a 
medical kit or package containing the two ijogredients m separate but adjacent 
repositories or compartments. In the latter context, each active ingredient may therefore 
be formulated in a way suitable for an administration route different iSrom that of the 
other ingredient, e.g. one of them may be in the form of an oral or parenteral formulation 
whereas the other is in the form of an ampoule for intravenous injection or an aerosol. 

The compounds according to the formulas of the application like (J), (11)^ QJS) can be 
prepared while using a series of chemical reactions known to those skilled in the art, 
altogethOT making up the process for preparing said compounds and exemplified fiirther. 
The processes described fiirther arc only meant as examples by no means are meant 
to limit the scope of the present invention. 
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Examples 



Examplel ; Qcneral m^thgdg fpr Aatmii^l gpyeeiJtm g 

Anti-HIV assay : The inliibitory actmty of compQunds of the invention cam be tested for 
their potential to inhibit the replication of HIV and SIV in a cell culture model for acute 
infection. Compounds can be tested against BttV-l strains (HB^ lSfL43^ MN^ HIb), HIV-2 
strains (ROD, EHO^ RF), and SIV (M[AC251> for inhibition of virus-induced 
cytopatfaicity in Mr-4 cells (or CEM or C8166 or Molt4/C8 cells), using the colorimetric 
test described by Fauwels et al. in J, ViroL Methods (198S) 20:309-321 or a imdcrosGOpio 
investigation of the cytopatbogenig efFectji ev^ation bding made 4 to 5 days post- 
infection. For example micsrotit^ 95-well plates containing - 3 x 10^ CEM cells/ml, 
infected with 100 CCIDso of HIV per ml and contaiiung appropriate dilutions of the test 
compounds can be used. 

A rapid and automated assay procedure can be used for the in vitro evaluation of anti- 
HtV agents. An HTLV-1 transformed T4-celi line MT-4, which was previously shown to 
be highly susceptible to and permissive for HIV infection, can serve as the target cell 
line. Inhibition of the HIV-induced cytopathogenic effect is used as the end point. The 
viability of both HIV- and mock-infected cells is also assessed spectrophotometricaHy via 
in situ reduction of 3(4,5-dimethylthia2ol"2-yl)-2,5-diphenyltetrazoIium bromide (MTT)v 
Methods comprise for ejcample the microscopic e3?:aminatioa of CEIVt, C8166 or 
Molt4/C8 giant (syncytium) cell formation, after 4 to 5 da3^ of incubation at 37^C in a 

C02-Gontrolled humidified atmosphere. The 50 % cytotoxic concentration (CC50 in 

jig/ml) is defined as the concentration of compound that reduces the absorbance of the 
moclc-infected control sample by 50 %. The percent protection achieved by the 
compound in HIV-infected cells is calculated by the foUowing ft^nnula: 

(ODT>Hiv-(ODc)Hrv 
expressed in % 

(ODc)mock - (ODc)hiv 
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wberBby (OI>t)hiv » the optical density measured with a given concentratiott of the test 
compound in HCV-infected cells; (ODc)hiV »« optical demsity measured for the 
control untreated HtV-infected cells- (ODc)mOCK is the optical density measured for the 
control untreated mock-infected cells; all optical density values are detennmed at 540 
nin. The dose achieving 50 % proteclion according to the above formula is defined as the 
50 % Lohibitoiy cxMicentration QC50 in ^g/ml). The ratio of CC50 to IC50 is defined as 
the selectivity indes (SQ. 

Cells: MT-4 cells ^yoshi et aL, 19S2) ace grqwa and malntajuaed ia RPMI 1640 
medium supplemented with 10 % heat-inactivated fetal caJf serum, 2 vaM l-ghitamins, 
0. 1 % sodium bicarbonate, and 20 iig of gentamicin per mL 

Viiuses: The HIV-1 (IHB, NL4.3) strain (Adachi ei al., 1986) is a molecular clone 
obtained from the National Institutes of Health (Bethesda, MD). The HTV-l strain 
S0561945 is a strain resistant to non-nudeoside reverse transcriptase inhibitors. The 
HIV-2 (ROD, EHO) CBarr-Sinoussi et al., 1983) stodc is obtained from Cwlture 
supeanatant of HIV-2 infected cell lines. MacfiSl is a SIV strain. 
References: 

Adachi, A., Gendelman, H., Koenig, S., Folks, T;, Wilier, R., Rabson, A. and Martin, M 
(1986) Production of acquired immunodeficiency syndrome-associated retaovinis in 
humaa and nonbuman cells transfected with an infectious molecular done, J. ViroL, 59, 
284-291. Barr-Sinousst, F., Chermann, J.C., Rey, F., Nugeyre, M.T., Chanraret, S., 
Gruest, I., Dauguet, C, Axler-Blin, C, V, Zinet-Brun, F., Roiwtiows. C. Bozesnbaum, W., 
Montagnier,L. (1983). 

Isolation of a T-lyphotropic retrovirus from patient at risk for AIDS, Sdeme (Wash DC) 
220, 868-871. Miyoshi, I., Taguchi, H., Kobonishi, I., Yoshimoto, S., Ohtsuki, Y., 
Shh-aishi, Y., and Akagi, T. (1982) Type C virus-produdng cell lines derived from aduft 
T ceU leukemia Gamt mongr. 28, 219-22B. 
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Cytostatic activity assays: Ml assays are performed in 96-well microtiter plates. To each 
well are added 5 - 7.5 x 10^ cdls and a giveix amount of <*.e test coxapouuid. The cells are 
allowed to proliferate for 48 h (murine leukemia L1210) or 72 h (human lymphocyte 
CEM and Molt4/done 8) at 2TC in a humidified COa-controUed atmosphere. At the end 
of the incubation period, the cells cajx be counts in a Coultesr couitter. The ICsa (50% 
—inhibitory concentration) was-defined as the concentration of 4he compound that reduced 
the number of cells by 50%. 

Anti'-BVDVassciyz 

Cells and viruses: MacUn-Darby Bovine Kidney (MDBK) cells were maintained in 
Dulbecco's modified Eagle medium (DMEM) supplemented with BVDV-firee 5% fetal 
calf serum (DMEM-FCS) at 37*C in a humidified^ 5% CO2 atmosphere. BVDV-1 (strain 
PES15) was used to assess the antiviral activity in MDBK cells, Vcaro cells (ATCC 
CCLSi) were maintained in MEM medium supplemented with 10% inactivated calf 
serum, 1% L-^utajtmne and 0,3% bicarbonate. 

AnHSJ^F assay: Ninety-six-well cell culture plates wwe seeded with MDBK cells in 
DMBM-FCS so that cells reached 24 hr later confluency. Then medium was removed and 
serial 5-fi>rd dilutions of the test compounds were added in a total volume of 100 ul, after 
which the virus inoculum (100 ul) was added to each well. The virus inoculum used 
resulted in a greater than 90% destmction of the ceil ittojiolayer after 5 days incubation at 
37°C. Uninfected cells and cells receiving viius vrithout compound were inchided in each 
assay plate. After 5 days, medium was removed and 90 |il of DMEM-FCS and 10 ul of 
MTS/PMS solution (Promega) was added to each well. Following a 2 hr incubation 
penod at 37°C the optical density of the wells was read ^t 498 nm in a microplate reader. 
The 50% ejGTective concentration (BC50) value was defined as the concentration of 
compound that protects 50% of the cell monolayer from virus-induced cytopathic effect. 

Anti-HCV assay/ Replicon assent Huh-5-2 cells [a cell line with a persistent HCV 
repliconI389iuc-ubi-neo/NS3-3V5,l; replicon with firefly luciferase-ubiquitin-neomycin 
phosphotransferase jRjsion protein and EMCV-IRES driven NS3-5B HCV polyprotein] 
van be cultured in RPMI medium (Oibco) supplemented with 10% fetal calf serum, 2mM 
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L-glutamine (Life Technologies), Ix non-essential amino acids (Life Technologies); 100 
lU/ml peniciUin and 100 ug/inl streptomycin and 250 ug/nd G418 (Geneticin, Life 
Technologies). Cells can be seeded at ft difTeirent densities, paitloulaily in a density of 
7000 cells per well in 96 well View Plate™ (Packard) in medium containing the same 
components as described above, except for G418. Cells than can be allowed to adhere 
and proliferate for 24 hi. At that time, culture medium can be removed and serial 
dilutions of the test compounds can be added in culture medium lacking G418. Inteiferon 
alfa 2a (500 lU) can be included as a positive control. Plates can fiirther be incubated at 
37°C and 5% COj- for 72 hours. Replication of the HCV replicon in Huh-5 cells results in 
luciferase activity in the cells. Luciferase activity is measured by addmg 50 pi of 1 x Glo- 
lysis buffer (Promega) for 15 minutes followed by 50 pi of the Steady-Glo Luciferase 
assay reagent (JPromega). Luciferase activity can be measured with a luminometer and the 
signal in each mdrvidual well is expressed as a percentage of the untreated cultures. 
ParalleJ cultures of Huh-5-2 cells, seeded at a density of 7000 cells/ well of classical 96- 
well eel culture plates (Becton-Dickinson) can be treated in a similar fashion except that 
no Glo-lysis buffer or Steady-Glo Luciferase reagent is added. Instead the density of the 
culture can be measured by means of the MTS method (Promega). 

Anti-Coxsacke vims assay: Ninety-six-well cell culture plates can be seeded with Vearo 
cells m DMEM medium containing 10 fetal calf serum (FCS) so that cells reache 
confluency 24 -4S hr later. Medium can then be renaoved and serial 5-fold dilutions of the 
test compounds can be added ui a total volume of 100 ul. after which the virus inoculum 
(100 jd) can be added to each well. The virus inoculum used results normally in a 90 - 
100 % destruction of the ceil monolayer after 5 days incubation at 37°C. Uninfected cells 
and oeUs receiving virus witiiout con9}ound can be included in each asay plate. After 5 
days, the medium can be removed and 90 jil ofDMBM-FCS and 10 jil of MTS/PMS 
solution (Promega) was added to each well Following a 2 h incubation period at 37°C, 
the optical density of the wells can be read at 498 nm in a microplate reader. The 50% 
efifectlve concentration (EC50) value can than be defined as the concentration of 
compound that protects 50% of the cell monolayer from vims-induced cytopathic eflfect. 
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Anti-Herpes simplex virus, varicella-zoster virus and cytomegalovirus assiy^^s.' The 
antiviral assays HSV-1, HSV-2, VZV, CMV were based on inhibition of virus-induced 
cytopathicity in HEL cell cultures. Confluent ceM cultures m microtiter 9$-weltt platOS 
were inoculated with 100 CCID50 of virus, I CCID50 being the virus dose required to 
ijafect 50% of the cell cultures. After a 1- to 2-h vims adsorption period^ residual virus 
- - jwas-removed, and the ceU-cuItures-wereJincuhated ta-the.pr^ence.o£jvarying compound 
concentrations of the test compounds. Viral cytopathioity was recorded as soon as it 
r^ched con:qpIetioix in the control vuiis-in&cted cell cultures that were not treated with 
the test compounds. 

Feline corona virus osscq;: Feline Crandel kidney cefls were seeded in 96-wen microliter 
plates at 24,000 cellsAvelL Then, 24 hrs later, an appropriate inoculum of FCV is added 
together with S-fold dilutions of the test compounds. After 4 days, a MTS/PMS solution 
was added to each well Following a 90 min incubation period at 37°C, the optical 
density of the wells was read at 498 mn in a microplate reader. 

SARS vims assay: Vero cells were seeded in 96-weIl ndcrotiter plates and grown till 
confluency. Then, an appropriate inoculum of SARS vims able to kill the cell culture 
(cytopathicity) within 72 hrs is added together whh 5-fold dilutions of the test 
compounds. After 3 days, a MTS/PMS solution was added to each well Following a 3 he 
mcubation period at 37°C the optical density of the wells was read at 498 nra in a 
microplate reader. 

Example 2: Materials and general prcparatiox)i methods 

For all reactions, analytical grade solvents were used. All moisture sensitive reactions 
were carried out in ovenwdried glassware (135 X) under a nitrogen atmosphere. 
Anhydrous THF was refluxed over sodium^enzophenone and distilled. A Varian Unity 
500 MHz spectrometer and a 200 MHz Varian Gemini apparatus were used for NMR 
and mUL Exact mass measurements were performed on a quadrupole tixwe-of-flight 
mass spectrometer (Q-Tof-2, Mcromass, Manchester, UK) equipped vnth a standard 
electrospray-ionization (ESI) interface; samples were infused in i-PrOH/H20 1;1 at 3 



40 



IPQ96642 Q4-Mar>P4 jgilfil 



i-Mrt. 2004 18:44 +32 16 326515 



Nr. 1 582 p. 48/75 




nL/min. Precoated aluminum sheets (Fliika Sflica gel/TLC-cards, 254nm) were used jfor 
TLC; The spots weare examined with UV light* Column chromatography was performed 
on ICN silica gel 63-200 60A 

The nucleosides (3 a-h) were 5ynthe5i^ed startijog from (R>R)-2,3-dihydroxy-dihydro- 
foran-l-one (4) (Scheme 1).^^ The hydroxy! group in position 2 can be selectively 
protected witibi a TBDMS group. The free hydroxyl group of 5 is then protected by 
bcnzoylation and the lacton is reduced to the hemiketal using Dibal-H in THF, The 
anomeric hydroxyl group is protected with a TBDMS group and the 0-benzoyl group is 
removed with ammonia in methanol. At the stage of S^, the phosphonate fonction is 
Introduced using the triflate of diisopropylphosphonomethyl alcohol and NaH in THF. 
The two silyl protecting groups of ? are removed and replaced by benzoyl protecting 
groups. The presence of a 2-O-benzoyI group allows selective introduction of the ba$e 
moiety in the ji-configuration. The luicleobases (uracil, thymine, N^-benzoyladenine, TSf*- 
acetylcytosine) are introduced after silylation and using SnCU as Lewis catalyst. 
Deprotection of 11-14 is done in two stepSj. firsts removal of the be3(x?oyl protecting 
groups with ammonia in methanol (yielding 15-1»X and. second, hydrolysis of the 
diisopropyl protecting groups with TMSBr at room temperature (giving 3 a-d)* In order 
to obtain the 2'~deoxygenated analogues, the 2*-OH group of 15-17 is removed by Barton 
deoxygenadon,^^*" giving 19-21, Compound 22 is obtained from 21. Hydrolysis of the 
phosphonate ester fimction of 19 was carried out with TMSBr at room temperature. 
However,, for the compoimds 20-22, TMSBr rapidly cleaved the nucleobase from the 
sugar even at O^C For this reason, TMSI was used for hydrolysis of the 
(diisopropyIpho5phono)-methyI group of 20-22. After purification by silica gel 
chromatography, sephadex-DEAE A-25 resin and Dowex-sodium ion exchange re$in» 
nucleoside phosphonates acid 3 e-h were obtained. 

Scheme 1 : general scheme representiijig the method of preparation 
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Conditions: a) TBDMSCl, imidazole, MeCN b) BzCl, pyridine c) Dibal-H, TEIF d) Sal 
NHb in MeOH e) Trifluoromethanesulfonate of diisopropylphosphonylmethanol, NaH, 
THF f) TFA/lfeO g) SnCU, MeCN h) 1. *OC(S)a DMAP, MeCN 2.B113S11H, AIBN i) 
P(0)Cl3, l,2,4.triazoIe, DCM2. j) 1. TMSBr, DCM sephadesp-DEAE, JJowex- Na** fc) 1. 
IMSr, DCM 2. sephadex-DEAE, Dowex-' Na"* 
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Example 3: PrepaTation of Memiedigte c ompounds 
2<>-»ibutyUSme1hofMfyl-LrilveoriokK^<3m (5) 

To the solution of (3R,4S)-dihydro-3,4-dihydroxyftiraii-2(3H)-one 4 (10.8 g» 92 iranol) 
and imidazole (12.5 g, 184 mraol) in 250 inL McCN was added TBPMSa (3L2 g. 
3.17nMtiol) at 0 *C in one portion. The reaction mixture was slowly wanned to room 
temperature and stiired overmght. Tbe reaction mixture was concentrated. The residue 
was partitioned between H5O and EtOAc. The organic layer was washed with water and 
brine, and concentrated in vacuo. The residue was purified by c^oniatosraphy on a siJioa 
gel column (n-hexanemtOAC=6:I) to afiSard S (15.2 g, 65.4 nraiol, 71 %) as a colodess 
solid. 'H NMR (200 MHz, DMSO-d6) 5h 0.12 (s, 6H; SiCH,), 0.90 (s, 9H, CHa), 3.86 
(dd, Ji = 6.96 Hz, = 7.70 Hz, iB; C(4')Ha), 4. \ \- 4.36 (no, 3H. OH. C(3')H, C(40Hb), 
5.82 (d, J = 5.13 Hz, IH, C(r)H); NMR (200 MHz, DMSO-d6) 6c -4,93(SiCH3), 
17.99 (C(CH3)3). 25.6UC(£H3)3X 69.62(C-4'X 72.62(C-2'), 74.59(C-3'), 174.60(0-1'), 
Exact mass calod for Ci^04SixNai [M+Naf 255.1028 found 255.1010. 

2<>-tributylSmeatyhifyl-3-0-bemoyl-L-an'e<mQlaGtom(6) 

To the solution of 5 (IS.OO g, 77.5 mmol) in 200 mL pyridine was added dropwise BzCl 
(11.2 raL, 96.9 nunol) at 0 "C. The reaction mixture was warmed to room temperature 
and stirred overnight. The reaction mixture was concentrated and coevaporated with 20 
mL toluene two times in vacuo. The residue was partitioned between BaO (100 wLS) and 
EtOAc (350 tdOL). The organic layer was washed with water and brinej. and concentrated 
in vacuo. The residue was purified by chromatography on a sUica gel column (n- 
he}£ane/EtOAc=8:l) to afford 6 (25.9 g, 77.0 mmol) as a colorless solid in 99% yield. 
NMR (500 MHz, DMSO-d6) 8h 0.14 (d, J; = 13.2, 6H, SiCIfe), 0.87 (s, 9H CH3), 4.23 
(dd, - 6.8 Hz, A= 9.3 IH, C(4») Ha), 4.68 (dd, Jj = 7.3 Hz, = 9 3 Hz, IH, C(4') 
Hb). 4.96 (d, J- 6.8 Hz, IH C(2')H), 5.48 (dd, - 7.3 Hz, Jz= 13.0 Hz, IH, C(3')H ). 
7.57 -8.01 (m, 5H, Ar-H'); "C NMR (500 MHz, DMSO-d6) 5, -5.16( SiCHj ), -4,84 ( 
Si£H, ). 17.84 (QiOhhX 25.42(C(Sffe)3), 67.20 (C-4'), 71.67(0-2'), 75.46(C-3'), 
128.65 (aroma-Q, 128.90(aroma-C), 129.36(aroma-C),.133,94(aroma-C), 165.08 (B»- 
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eO), 172.7$ (C-r)i Exact mass 



calcd for CnB^OsSii |M+H]* 337.1471 found 9 



337.1465; 

2-0''tributy!dimethyIsilyJy.S-'0-benzoyi-L-threose (7) 

To the solution of (10.0 g, 29.7 joamol) in 100 mL dry THF was slowly dropwise added 
1.0 M diisopropyl aluminiumhydride (37.1 mL , 37.1 mmol) «x tohjene at -78 »C. The 
reaction nuKture was stiired at -78 °C, and as soon as the starting mat^al was 
completely consumed (TLC, 4-1 Q hours), methanol (10 xnL) was added over a period of 5 
min. to quench the reaction. The cooling batik was removed, lOOmL of a sat aq. sodium 
potassium tartrate sohrtion and 200 niL of EtOAc were added and tifcie mixture stirred 
vigorously for 3 hours. The organic layer was washed with water and brine, and 
concentrated In vacuo. The residue was piuified chromatography on a silica gd 
cohinm (n-he3Quie/EtOAoF=8:l) to afibtd 7 (7.40 g, 21.8 raraol) as a colorless solid in 
73% yield. ^HWMR (200 MHz, DMSOHiS) 5h 0.10 (s, €H, Si-CSfe^ 0.8? (s, 9H, CEb), 
3.93 (dd, Ji = 9.89 Hz, 3.66 Hz, IH, C(4')EU 4.16 (br 5> m, OH X 4.24 (dd, Ji « 
10.26 Hz, 72= 5.86 Hz, IH, C(4')Hi, ), 5.02-5.07 (m, 2H, Qa^H, C(3')H ), 6,54 (d. /= 
4.76 Hz, IH, C(r)H ), Z5 1-8.00 (m, 5H, Ar-H); "C NMR (200 MHsE, DMSO-dS) 6c - 
7.39 (SiC3fe), -7.30 (SiCHs), 15.41 (C(CH3)3X 23.27 (C(0Rb)3), 67.06 (C-4')X 77.14 (C- 
2*)), 78.87 (C-3*), 100.23 (C-l'), 126.58(aK>nja-C>, 127.09 (aroma-C), 131.40 (aroma-C), 
163.18 (Bz-£0); Exact mass calcd for Ci7Hi605SiiNai |M+Naf 361.1447 found 
361.1452; 

Xci,2-it-0-trtbutyM7ne^tsifyt-L-th^e{xse (Sa) and ]ff,2-<U-0-mbutyli3^eihylsifyl-L- 
ihrease (Bb) 

To the solution of 7 (7.30 g, 21.6 xDmol) and imidazole (2.94 g, 43.1 mmol) in 100 mL 
MeCN was added TBDMSCl (0.98 g, 23.S mmol) at 0 °C in ojsxe portion. The reaction 
mixture was slowly wanned to room temperature and stirred overaight. The reaction 
mixtaire was concentrated. The residue was partitioned between H2O and EtOAc. The 
orgaiuc layer was washed with water and brine, and concentrated in vacuo. The residue 
was dissolved in MeOH saturated with ammonia (100 mL), and the reaction mixture was 
stirred at room temperature overnight. The miarture was concentrated, and the residue was 
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purified by column chromatography (n-he^e:EtOAo> 20:1, 10:1) to give cOxniKnTOd 8a ( 
2.22 & 1.40 lumol) as colorless oil in 42% yield and 8b ( l.OOg, 1.40 mmol) as colorless 
oil in 19% yield. 
Sa 

mm. (200 MHz, DMSO-d6) 8h 0.06-0.08 (m, 12H, Si- CH3), 0.87 (s, 18H, CHs), 
3.59-3.65 C(2')H, IH.), 3.S7-3.99 (tn, 3H, C4' He C(3')H, C(4') Hb), 5.00 (d, y= 1.1 
Hz, caw. 5.07-5-10 (m, IH, OH); "C NMR (200 MHfe, DMS0-d6> 6c -5.14 (SiCHa ), 
-4.92 (SiCH,), -4.65 (SiCH,), -4.38 (SiCHa), 17 66 (CCGBfe^X 17-Sl iCiCB^h^ 25.61 
(C(CH3>3), 25.73 (C(ai3)3). 71.92 (C-4'X 76.66 (C-2'), 85.58 (C-3'X 103.91 (C-l'); 
Exact mass caJcd for C,6H3604Si2Nai 371.2050 found 371 .2059. 
8b 

mSB. (200 MHz, DMSO-d6> 5m O.OS (s, 6H, SiCHg), 0.06 (d, Ja = 5.2 Hz, SiCHa), 
0.86 (5, 9H, CHj). 0.87 (s, 9H, CH3), 3.41 (dd, /i = 8.0 Hz, ^ = 3.7 Hz , C(2')H); 3,81 
(dd, Ji = 5.2 m,J2 = 3.7 Hz, C(3m 3.94-4.07 (no. 2H, C(4')H» C(4')Hi.X S 12-5. 15 (m, 
2H, OH, C(l')H); ^H miR 200MHz CDMSO-d6 + ID DaO) 5h 0.02(s, 6H, 
SiCH3),0.04(d, h = 4.4 Hz, SiCHb), 0.84 <s, 18H^ CH,), 3.39(dd, Ji = 7.7 Hz, J2 = 3.6 
Hz, C(2')H); 3.79 (dd, J, = 4.4 Hz, h = 4.4 Hz, C(3')H), 3.92-4.07 (m, 2H, C(4')Ha 
C(4')Hb) 5.10 (d, IH, J2 = 3.6 Hz, C(r)H); ''C >JMB. (200 MHz, DMSO-d6) 5c -4.95 
(SiCH,). -4.74 (SiCHs ), -4.67 (SiCa), 17.45 (QiCBshX 25,64 (C(effc)3), 25.79 
(C(eH3)3), 70.80 (C-4'), 74.17 (C-2'X 79.45 (C-3'X 97.11 (C-i')i Exact mas$ cajqd fisr 
CisH3604SiiNai 37 1 .2050 found 371 ,2052, 

Ia^2-di-0-iributyidimeihylsilyl-3-0-(diis^ 

To a solution of 8a (3.41 g, 9.8 mmol) in dried THF (25 mL) was added sodium hydride 
(80% dispersion in mineral oU 0.56 mg, 19.6 mmol) at -78*C. Then the sohition of the 
triflate of diisopropylphosphonomethanol (5.80 g, 19.6 mmol) in dried THF (10 mL) was 
dropwise added, and the reaction mixture was slowly wanned to rocwn temperature. The 
reaction was quenched with sat. NaHCO» and concentrated. The residue was partitioned 
between HbO and EtOAc. The organic layer was washed with water and brine, and 
concentrated in vacuo. The residue was purified by chromatography on a sUica gel 



45 



4.Mrt. 2004 18:46 



+32 16 326515 



Nr. 1582 p. 53/75 



column (n-hexane/ EtOAO=2:l> to afford 9a (4.75 g, 9.0 mmol, 92%) as colorless oil. 
NMR (200 miz, DMSO-d6) 5w 0.06-0.10 (m, 12H, SiCHj), 0.86 (s, 9H, QCffe),), 0.S7 
(s, 9H, C(CH3)3), 1.22-1.26 (to, 12B, C(CH3)z), 3.75 (d, J= 92 Hz, 2U, Clfc), 3.7S (d, J 
= 9.2 Hz, IH, C(4')H.), 3.88-3.95 (m, IH, C(3')H), 3.99 (s, IH, C(2*)H)t 4.10 (dd, J, = 
9.2 Hz, 1ft CC4*)H\,), 4.52-4.68 (ua, 2H. CH), 5,02(s. IH. C(r)H); Exact 

mass for CasEfeO^PiSia [Mh-H]'* Calcd. 527.2989 found 527,2988. 



The synthesis of 9b started from 8b (2.00 g, 5.7 nunol) and followed the same procedure 
as for the synthesis of 9a, from 8a (2.7 g, 5.1 mmol, 90%) as colorless oil. NMR (200 
MHz, CDCb) dB 0.08-0.11 (m, 12H, Si CHa), 0.93 (br s. 18H. CiCBahX 133 (d, 7-6.2 
Hz, 12H, C(CHj>t), 3.66-3.94 (m, 3H. C(4')H, PCHa), 4.02-4.22 (m, 3H, C(2'>E3; C(3')H, 
C(4')ifi.), 4.67-4.83 (m, 2H, CH(CIfe)2X 5.13 (d,y« 3.7 Hz^ IH^ C(1TO; *HmiR(200 
MHz, DMSO-d6) Sh 0.06-0.93 (m, 12H, SiCHi), 0.87 (s, 18H, CCCfhhX 122-1.26 (m, 
12H; C(C3l3)aX 3.58-3.65 <m, IH, C(4') 3.78 (d, 9.2 Hz. PCHz), 3.96-4.08 <m, 
3H, C(2')H. C(3')H, C(4') Hi,), 4.51-4.67 (m, 2H, CmCHahX 5.15 (d, J= 3,7 Hz, IH, 
C(r)H); *'C NMR (200 MHz, DMSO-d^ «c -5.22 (SifiHa ), -5.07 (Si£Hb X -4 58 
(SiCSHs X 17.88 (C(CHj)j)„ 23.98 (OCHOCHaXtX 25.6;J (C(CH3)3). 25.71 iC(QlhhX 
65.12 (d, 7p,c = 173.6Hz, PCH2X 68.38 (C-4')X 70.87 (OeH(CH3)2X 70.96 
(OmfC^hX 78.88 (C-2a 85.6$ (d, JSp.c - 12-0 Hz. C-3'X 97.3 (C-l'); Exact mass 
calcd fer CbHi207PiSi2 [M+H]* 527.2989 found 527.2972. 

Ja^2-0-bemoyl-3-0-(diIsopropyipho;^hariomeihyl}-L-threose (10a) and J p.2-0-bemxryl- 
3-0-(dUsopropylphosphonomethyl)-L-threos& (10b) 

A solution of 9a (4.25 g, S.l mmol) in TFA-H2O (3:1, 20 noL) was allowed to stand at 
room temperature for 2 h. The reaction mixture was neutralised with saturated NaHCOs 
solution. Then the mixture was partitioned between the DCM (400 toL) and water (20 
mL). The organic layer was washed with water and brincj. dried over MgS04, and then 
concentrated in vacuo. The residue was purified by chromatography on sUica gel 
(DCM:MeOH=20:l) to give 3-0-diisopropylphosphonomeithyl-L-threose (2.20 g, 7.3 
mmol) as a colorless amorphous solid in 92% yield. 
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To the solutiwi ctf 3<)-(dusopropylphosphon.omethyl)-L-threose (687 mg, 2.3 rmnol) in 
100 juL pyridine was added dropwise BzCl (0.67 , S.8 mmol) at 0 ^'C. The reacdon 
miTctrwre was wanned to room tempexature and stinred ovemgbt The reaction mixture 
was concentrated and coev^porated with 20 niL toluene two times in vacuo. The rei^due 
was partitioned betnveen H^O (20 mL) and EtOAc (150 mL). The oreanic layer was 
washed with water and brme, and concentrated in vacuo. The residue was purified by 
chromatography on a silica gel column (n-hexane/EtOAc=l:l) to a£Ebrd 10a and 10b (1 .0 
g, 2.0 nunol) as colorless oil in S7% yield. 
IQa 

NMR (200MHz, DMSO'd6) 5h 1.20-1.26 (m, 12H, C(CH3)2), 3.40-4.11 (m, 3H, 
PCHz, C(4')H«), 4.40-4.54 (m, 2H, C(3')H; C(4')Ifc), 4.56-4.71 (m, 2H, OCH(CH3)2), 
5.51 (5, IH, C(2')H0, 6.47 (s, IH, C(r)H), 7.43-8.07 (m, lOH, Ar-H); NMR 
(200ME1Z, DMS0-d6) 6c 23.82 (CH,X 64.45 (d, J = 155.4 Hz, PCH2), 70.59 {OUCmX 
73.23 (C-4'), 80.12 (C-2'X 50 30 (C-2'), 99.7$ (C-l'), 129.04(aroma-C), 129.83(aroma- 
C), 134.14 (aroma-C), 164.61 (Bz-CO), 165.07 (Bz-CO); Exact nuass oalod for 
CasHbaOyPiNai (M+Naf 529,1603 found 529.1601. 

P-xample 4: Preparation of final compounds 

av 

To a mixture of 10a (425 mg, 0.83 mmol) and silylated N^-benzoyladenine (401 mg, 1,6 
mmol) in dry MeOST (30 mL) was dropwise added SnCU (0.3 jnL. 2.5 mmol) under N2 at 
room tenqwrature The reaction mixture was sthred at r.t for 4-5 hours. Then the reaction 
was quenched with sat. NaHCOj. and concentrated. The residue was partitioned between 
H2O (20 mL)and EtOAc (100 mL). TJas organic layer was washed with water and brine, 
and concentrated in vacsuo. The residue was purified by chromatography on a silica gel 
cohinm CDCMflM[eOH=40:l) to affoid 11 (431mg, 0.69 mmol) as a colorless amorphous 
solid in 83% yield, *H NMR (500MHz, CDCU) 5h 1.31-1.36 (m* 12H, CHaX 3.94 (dd, Ji 
= 14.0 = S.6 Hz, IH, PC HO, 4.01 (dd, 7/ = 14.0 Hz, 8.6 Hz, IH, PC tt,), 4.38 
(dd,/;= 11.0Hs5,y^=4.6Hz, IH. C(4')H.), 4.50-4.52 (m, 2H, C(3')H, C(4')Bi.), 4.73- 
4.80 (m, 2H; OCH), 5.08 (s, IH, C(2')H), 6,56 (5. IH, C(1')H), 7.48-7.65 (m, 6H, Ar-H), 
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• 

8.02-8.08 (m, 4H, Ar-H), 8.50 (s^lH, Admie-C(S)-H), 8.S2 (s, IH, Admie^(2)-BD, 9.07 
(br s, IH; mi); '^C NIVIR (500MHz, CDCI3) 5c 23.97 (CH3X 24.01 (CH3), 24.03 (CEbX 
24.06 (CH3), 65.36 (/p,c- 168.9 Hz, PCHz), 71-45 (POCH), 7l.51(POCHa 73.55(0-4')), 
80.27 (C-2')X S3.74 (/p.c= 9.8H2i C-3'), 87.86 (C-DX 122.72 (A-C(5)), 127.80 (aroma- 
C), 128.65 (aroma-C), 128.67 (aronoa-C), 128.86 (aroma-C), 129,93 (aroma-C), 
_ 132.3.1(aroma=C), 133.99-(aroma-C), 141.98 <A=C(S)), 149,45 (A-C(6X 151.59 (A-C(4)), 
152.93 (A-C(2)X 164.44 (OBz(CO)), 165.17 (NB^CO)); Exact mass calcd for 
C30H35N3O8P1 IM+HI* 624.2223 found 624.2222. 



ThyminiB (0.34 & 2.7 mmolX {tmmoma sulfate (10 mg, Q.07iniiiol) and 6 mL of HMDS 
were added to dried flask. The mixture -was redOtuxed overnigfat under nitrogen. HDMS 
was removed in vacuo. To the flask with residue wa.s added the sotution of compound 
10a (0.92 g, 1.8 ramol) in 10 niL of diy MeCN foUowed by dropwise addmon of SrCU 
(640 [iL 5.4-mmol) under N2 at room temperature The reactioD mixture was stiiored for 4 
hours. The reaction was quenched with sat aq. NaHCOs and oonooitrated to a small 
volume, the residue was partitioned between EfeO (30 niL) and EtOAc (ISO niL). The 
organic layer was washed witfi water and bdne, and concentrated in vacuo. The residue 
was purified by chromatography on a silica gel column (&-hexane/EtOAc=l:}) to aBbrd 
12 (0.76 g, 1.4 mmol) as a colorless amorphous solid in 78^^q yield. *H NMR (200 MHz, 
CDCl?) 5h 1.35 (d, 6,2 Hz, 12H CHbX 1-99 (d, J= 1.5 Hz, 3H, T-CH3), 3.86-4.05 (m, 
2H, PCH2X 4.11-4.16 (m, IH, C(4')H*X 4.26 (brt, IH, CC3')H), 4,40 (d. J- 10.6 Hz, 1H> 
C(4') Hb), 4.70-4.86 (m, 2H, 0CH(CHb)2X 5.3S (s, IH, C(2')H), 6.29 (t, J= 2,2 Bz, IH, 
C(r)HX 7.43-7.66 (m, 4H, Ar-H, T-C(6>H), 8.02-8.07 (m, 2H, Ar-H), 9.13 (s, IH, NH)i 
'^C NMR (200 MHz, CDCI3) 6c 12,42 (T-CH3), 23.83 (CH(CH3)3X 23.92 (CH(atl3)3), 
64.48 (d, Jfjc = 168.5 Hz, PCH2X 71.29 (CH(CH^)3X 71.45 iCBI[Wh\ 72.72 (C-4'), 
80.28 (C-2'X 83.70 (J5.,c= 10.6 Hz, C-3*X 89.02 (C-l'X 111.39 Cr-C(5)X 128.60 (axoma- 
CX 129.90 (aroma-CX 133.84 (T-C(6X 136.12 (aroma-C), 150.42 (T-C(2), 163.86 (T- 
C(4), 165.32 (Bz-COX Exact mass calod for CasH^iNaOsPi IM+HT 511.1845 found 
511.1831. 
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j.fi(racH-J-ylJ-2-0-benzoyl'3-0-(<SisopropylphoiphcmQ (13) 
Uracil (0.81 g, 7.2 mmol), ammonia sulfete (10 mg, 0.07 mmol) and 20 mL of HMDS 
were added to dried flask. The mixture was reflinced overnight under nitrogen. HDMS 
was removed in vacuo. To the residue was added the sohition of coixpound IDa ( 2.43 g, 
- 4.8 Tiraioi) in 50 inL of dry MeCN followed by a dropwise addition of SnClt (1.7 rt»L, 
14.4 mmol). The reaction miTrture was stirred for 4 hours. The reaction was quenched 
with sat aq. NaHCOs and concentrated to small volume. The residue was partitioned 
between HaO (30 mL) and EtOAo (100 niL). The organic layer was washed with water 
and brine, and concentrated in vacuo. The residue was purified by chromatography on a 
sflica gel column (DCM/MeOH-SSrl) to afford 13 (2.09 g, 4.2 mmol) as s colorless 
amorphous soUd in 84%. 'H NMR (500 MHz, DMSO-d6) 5h 1.23-1.26 (m, 12H, CH3), 
3.97 (d, J= 9.0 Hz, 2H; PCHj), 4.16 (dd, J/== 10.7 Hz, ^2= 4.2 Hz, IH, CC4')Ha), 436 (d, 
J= 10.7 Hz, IH. C(4')HtX 4.39-4.40 (m, la C(3m 4.58-4.64 (m, 2H, OCH(CH^)2), 
. 5.41 (s, IH, C(2')H), 5.61 (d, J = S.l Hz, IH. U-C(5)H), 6.02 (d, 7 = 2.0 Hz, IH. 
C(r)H), 7.55-7.60 (m, 2H, Ax-H), 7.63 (d, $.1 Hz, IH, U-C(5)H), 7.70-7.73 (m, IH, 
Ar-H), 8.02-8.04 (m, 2H, Ar-H), 11.4 (s, IH, NH); "C NMR (500 MHz, PMSQ-d6) Sc 
23.74 (CH(CH3)3), 23.84 (Cn(CIhh% 63.10 (d, Jy^ = 168,5 Hz, PCH2), 70.53 
(^(CH3)3), 72.32 (C-4'), 79.83 (C-2'), 82.78 (C-3'), 89.06 (C-l'X 101.91 (U-C(5), 
128.95 (aroma-C), 129.63 <aroma-C), 134.07 (aroma-C). 140.72 (U-C(6), 150.39 (U- 
C(2)), 163.19 (U-C(4), 164.73 (Bz-CO); Esact mass cdcd for Cx^T^fiO^iNsn 
IM+Naf 519.1508 found 519.1506. 

l-(^^cefylcytosin-l-yl)-2-0-iemxtyl-3-0-(c&iso^ 

N*-AcBtylcytosine (0.41 g, 2.7 mmol) and ammonia sulfate (10 mg, 0.07 mmol) and 6 
mL of HMDS we added to dried flask. The mixture was refluxed overnight under 
nitrogea HDMS was removed in vacuo. To the residue was added the soluttoft of 
compound 10a (0,92 g, 1.8 mmol) in 10 mL of dry MeCN followed by a dropwise 
addition of stannic chloride (640 |iL 5.4 mmol). The reaction mixture was stirred for 4 
hours. The reaction was queaiched with sat. aq. NaHCOa and concentrated to small 
volume. The residue was partitioned between H2O (30 mL) and EtOAc (150 niL). The 
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organic layer was washed with water and brine, and conceatrated in vacuo. The residue 
was purified by chromatography on a silica gdl colwnm (n-]b.siiane/^tOAc=2;l) to aflfecd 
14 (0.51 g, 0.94 mmol) as a colorless amorphous sottd in 52% yield. ^HJNMR (200 MHz, 
DMSO-d6) 6h 1.17-1.23 (m, 12H, CH(CH3>«), 2.10 (s, 3H, CHb), 3.80-4.00 (m. 2H. 
PCHb), 4.24-4.36 (m, 2H, C(4')Kt, C<3')H), 4.4«-4.63 (m, 3H, C(4') OCH<CIfe)2X 
- 5^ (v^lHrCC^m 6.04-(^r-lH, C(l^)iH),-7.27 (d,7= 7.7 Hz, C-C(5)iEI), 7.54-7.77 
(m, 3H, Ar-H), 8.03-8.07 (m, 3H, Ar«rHI, C-C(6)H), 10.95 IH, NH}; WMR (200 
MHz, DMSO-d6) 5c 23.76 (CHCO^Js), 24.39 (Ao-CHa), 63.77 (d, Ji.,c = 166.4 Hz. 
PCHb), 70.44 (eH(CH3)3X 70.59 CCH(CHb)3). 73.56 (CM*), 79.75 (C-3') 82.83 (d, /p,c= 
13.7 Hz,C-3'X 90.74 (C-l'), 94.74 (C-C(5), 128.86 (aromarC), 129.14 (aroma-C), 134.07 
(aroma-CX 129.77 (aroma-C), 134.23 (aroma-C), 145.40 (C-C(6), 154.69 (C-C(2)>, 
162.95 (Bz-COX 164.77 (C-C(4)); 171.26 (Ai>CO); Exact mass oalod for Qt^-^^f^O^i 
[M+H]* 538.1954 found 538.1956. 



A sohition of 11 (431 mg, 0.80 mmol) in MeOH saturated wifli ammoma (100 mL) was 
stiired at room temperature overnight. The mijrture was concentrated, and th© residue was 
purified by column chromatography (CHbCl3:MeOH=9:l) to give con^jonnd IS (278 mg» 
0.67 mmol) as a white powder in 84% yield. 'H NMR (500 MHfe, DMSO-d6): Sh 1.21- 
1.26 (m, 12H, CHaX 3.85-3.94 (m, ZfJ, P CHj), 4.10-4.13 (m, 2^. C(4') C(3')I^, 
4.24-4.27 (m, IH, C(4*) HtX 4.57-4.63 (m, 3H, CH(CH)3, C(2')H>. 5.93 (d, 2.1 Hz. 
IH, C(r)H), 6.05 ( br s, IH, OHX 7.24 (s, 2H; NH2X 8.15 (s, IH, C(2)H), S.18 (s, IH, 
C(8)H); "C -NMR (200 MEiz, DMSO-d6): 5c 23.82 (CHaX 63,5 (7p^= 164.6 Hz, PCHaX 
70.41 (OCH), 70.53 (OCH), 71.65 (C-4'X 78.27 (C-2'X B5.62 {J^^c = 13.6 Hz, C-3'X 
89.53 (C-l'X 118.79 (A-C(SX 139.39 (A-C(8)X 149.47 (A-C(6X 152,90 (A-C(4)X 156.24 
(A'C(2)X Exact mass calcd for CieHayNsOePi [M+HJ"" 416.1699 found 416.1681. 

I-(tf^ymm~J-yI}-S~0~( dfisopropylphc/spkonofneikylJ-L^hreose (16) 
A solution of 12 (715 mg, 1.7 mmol) in MeOH saturated with ammonia (100 mL) was 
stirred at room temperature overnight. The mixture was concentrated, and the residue was 
purified by column chromatography (CH2Cl2:MeOH=10:l> to give compound 16 (515 
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mg, 1.2 mmol) as a white powder in 71% yield. WMR (200 MEEk, CDCh} 5h 1.27- 
1.33 (in, 12H, CHs), 1.93 (d, J = 1.7 Hz, 3H, CHj), 3.7S (d, J= 8.B Hz, ZH, P CHiX 
4.13 (brt, IKt C(3')H), 4.24-4.31 (m, 2H; C(4')mX 4.38 (s, lH C(2m 4.61-4.80 (m, 
2H. OCBiCH^hX 5.81 (s, IH. C(r)H), 7.41 (d, 7= 1.46 Hz, T-C(6)H), J0.27 (br s, IH, 
MH); NMR (200 MHz, CDCI3) 6c 2.42 (T-CH3), 23.89 (CH(CH3)3), €4.46 (d, Jp.c= 
168.5 Hz, 71.26 (CH(CH3)3), 73.54 (C-4'), 78.94 (C-2'), 85.33 (d, Jp,c'^ 10.6 Hz, 

C-3'X 93.12 (C-r), 110.12 a-C(5)), 136.40 (T-C(6), 151.08 (T-C(2)), 164.56 (T-C{4)), 
Exact mass calcd for CuHasNaOgPi [M+HJ* 407. 1583 foirad 407.1568. 



l-(tiracil-l-yl}-3-0-(<Misopropylfftosphonomethyl)-L-t1v-eQse (1 7) 

A solution of 13 (2.03 g, 4.0 mmol) in MeOH saturated with ammonia (300 raL) was 
stirred at room temperature overnight. The mixture was concentrated, and the residue was 
purified by column chromatography (CEi2Cl2:MeOH=20;l) to give compound 17 (l,52g, 
3.8 mmol) as a white powder m 96% yield- *H miR (200MHe, DMSO-d6): 8h 1.19-1.25 
(m, 12H, CHb), 3.7B (dd, Ji = 13.9 Hz, J2 = 9.2 Hz, PCH.) 3.85 (dd, 7i - 13.9 Hz, Jz = 9.2 
Hz, PCHb), 3.98-4.28 (m, 4H, C(2')H, C(3')H, C(4')H2), 4.50- 4.66 (m, 2H, CH(CHiX 
5.50 (d, J= 8.0 Hz, U-C(5)H), 5.66 (d, J= 1.5 Hz, OH), 5.93 (d, J= 4.4 Hz^ C(J ')H), 
7.54(d. J= S.O Hz, U-C(6)H); NMR (200MHz, DMSO-d6) S« 23.70 (CH(CH3)3), 
23.79 (CH(CH,)3), 63.29 (d, Ji..c = 166.3 Hz, PCH2), 70.34 (j^JKCBshX 70 47 
(i3I(CH3)3), 72.29 (C~4'), 77.84 (0-2^, 85.23 (Ji-.c = 10.7 Hz, C-3'). 91.68 (C-l'), 
101.12 (U-C(5)), 141.12 (tJ-C(6), 150.72 (U-C(2)), 163.46 (C-C(4)); Exact roass calcd 
for CisHzeNsOO'i [M+Hj* 393.1427 found 393.1425. 

l-(cyiosiiP'J-yl^-S-0-(<Mimpropylphosphonom€!tlhyf)-L-tha-Bo^ (19) 
A solution of 14 (450 mg, 0.84 mmol) in MeOH saturated with ammonia (100 JuL) was 
stined at room tranperature overnight. The xniTCture was concentrated, and the residue was 
purified by cohimn chromatography (CHiiClz:MeOH'^0: 1) to give compound IS 
(281mg, 0.72 mmol) as a white powder in 86% yield. 'H m«R (200MHz. DMSO-d6) 8h 
1.18-1.25 (m, 12H, CH3), 3.72 (dd, J, = 13.6 Hz, 8.8 Hz, PCH.) 3.84 (dd, Ji = 13.6 
Hz. ^2" 8.8 Hz, PCIfc), 3.95-4.05 (m, 3H, C(2')H, C(3')H, C(4')H*), 4,25 (d, 9,5 Hz, 
C(4')Hb ), 4.48- 4.64 (m, 2H, CH(CE33), 5.65 (d, J= 7.6 Hz, C-C(5)H), 5.70(d, y= 1.5 Hz. 
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OH), 5.85(d, J= 15.4 Hz, C(l')H), 7.04 (br s, NHL), 7.14(br s, NHb), 7.50(d, J= 7.6 Hz, 
C-C(6)H); ^^C NMR (200MHz, DMSO-d6): 6o 23.68 (CH(£H3)3X 23.78 
(CH(CH3)3),64.46 (d, Jp,c = 164.8 Hz, PCHO, 70.30 (eHCOfe),), 70.42 OaKCHa),), 
72.00 (C-4'X 78.19 (0-2'), 85.66 (d,^.c= 12.2 Hz, 92.30 (C-l"), 93.46 (C-C(5)), 

141.63 (C-C(6), 155.47 (C-C(2)), 165.94 (C-C(4)); BxaxA mass calcd for CisHaTNaOTPi 
[M+H]* 392. 1 586 found 392.1577, 

To a solution of phenyl(chioro)t]]iocaTboxiiat«! (0.25 unL, 1.8 xxmof) and DMAP (426 mg, 
3.5 imiiol) in dried MeCN (25 mL) was added cocopouad 15 (483 1.2 mmol) at 
room tranpeFatore. The reaction mixture 'was stirred for 12 hours. The xniixture was 
concentreEted, and the residue -was purified by column chromatography (CHsClsiMeOH 
/10:1) to ©ve l-(adexuiv9-yl)-2><7--pheiu>xytUocarboiqrl.3^:^^ 

diisapn>(^lphoBphonomethyl-L-threose as a colorless oil. To the solution of l-<adenin-9- 
yl>2-0-'phenoxythk>carbonyl-3-<?-diis»propylphosphDnometh^^ in dried 50 

mL of toluene was added tributytinhydride (339^1-, 1.2 mmol) and AIBN (48mg, 0.3 
mmol). The reaction miTrture was refluxed for 6 hours and concentrated in vacuo. The 
residue was purified "by column chromatography (CHzCttMeOH/lOrl) to give compound 
19 (110 mg, 0.27 mmol) as a colorless oil in 23% yield. 'H mSR (200 MHz, CDCk) en 
1.27-1.34 (m, 12H, CH3), 2.54-2.75 (m, 2H, C(2)Ha), 3.62-3.82 (m, 2H, P CH2), 4,04 (dd, 
Jj = 10.3 Hz, J3 = 4.0Hz, IM, C(4')H.), 4.35 (d, J= 10.3 Hz, C(4')HbX 4.43-4.48 (m, IH, 
C(3')H), 4.62-4.84 (m, 2H, 0CH(CHb)3), 6.21 (br s, 2H, NHz), 6.47 (dd, J, = 7.2 Hz . J2= 
2.7 Hz. IH, C(rjB), 8.31(8, IH, A-C(2)H), 8.33(s, IH; A-C(8)H); '^C NMR (200 MH^, 
CDCI3) 8c 23.89 (CHCCHj)3). 38.05 (C-2'), 64.10 (d, ^^.c = 169.4 Hz, PCHa), 71,31 
(CH(C]B3)3), 71.46 (mCCBihl 73.68 (C-4'). 80,49 (4, Jp^c^ 10.7 Hz; C-3'), 83.42 (C- 
D, 119.50 (A-C(5)), 136.63 <A-C(8)X 149.73 (A-C(6)X 153.07 (A-C(4)), 155.62 (A- 
C(2)); Exact mass calcd for Ci^srNsOsPi [M+H]"^ 400.1750 found 400. 1740. 

I-^thymin-I-yIJ-2-^o>y-3-0-(i^tsoprqpyiphoip (29) 

This compound was prepared as described for 19, using 16 (450 mg, LI mmol) as 

starting material. Column chromatographic purification (CHbCl2Jy[eOH=10;l) gave 
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compound 20 (275 mg, 0.70 mmol) as a colorlcBS oil in 64% yield. *H NMR (200 MHz, 
CDCU) 5h L3l(d, 6H, CH3). 1 34(d, CHs), 1-97(4 ^= M Hz , 3H; T- CEij), 2.16(d, 
J= 15.0 Hz, IH, C(2') H,), 2.46-2.62(in, m C(2') HO, 3.72(d. J- 9,2 Ife, 2H, P CHz), 
3.84(dd, A = 10.6 Hz, J2= 3.7 Hz, IH, C(4') H*). 4.29-4.37(m, 2H. C(4') H^, C(3m 
4.66-4.84(in, 2H, OCH(CH3)2), 6.24(dd, = 8.0 Hz, J2 = 2.6 Bz, IH, C(r)H), 7.55(d, J 
= 1.1 Hz; IH, T-C(6)H), 8.48(s, IH, NH); NMR (200 MHz, CDCI3) 6c 12 45 <T- 
CH3), 23.92 (CI1(CH3)3X 3S.27 (C-2'X 63.99 (d, ^=169.2 m, PCHciX, 71 .26(CH(CH3)3, 
73.36(C-4'), 80.23 (d, J - 10.5 Hz, C-3'X 84.83 (C-l'X 110.72 Cr-C(5)), 136.55 a- 
C(6)), 150.57 (T-C(2)), 163.80 (T-C(4)); Exact mass calcd for Ci6H27N207PjNa! 
[M+Na]* 4 13 . 1454 found 413. 1447; 

1- (uracU-J-ylh2-^ov3^S-0-(diisopropylphosphQnQm^^^ 

This compound was prepared as described for 19, using 17 (1.1 2,8 mrao!) as staittog 
mateiiaL Column chromatographic purification (CH2Cl2:MeOH=40:l) gave compound 
21 (500 mg, 1.3 nwnol) as a colorless oil in 46% yield. "H TSMR (200 MHz, CDCU) an 
1.29-1.34 (m. 12H. CH3X 2.21 (d, 7= 15.4, IH, C(2TO 2.44-2.60 (ni, IH, C(2')Hb), 
3.69 (d, J = 9.2 Hz, 2H, POHt). 3.86 (dd, Ji = 10.6 Hz, J2 = 3.3 Hz, IH, C(4')H^, 4.30- 
4.38 (m, 2H, C(4')Hb. CX3m 4.65-4.81 (m, 2H, OaKCHa)^), 5.74 (d, /= S.l Hz, IH, 
U-C(5)H), 6.21 (dd, = 8.0 Hz, = 2.0 Hz, IH, C(r)H). 7.71 (d, 8.0 Hz, IH, U- 
C(6)B), 9.16 (s, IH, mt>; "CNMR (200 MHz, CDQa) 5p 23.98 (CH(CH3)3)), 38.42 (C- 

2- )), 63.86 (d, Jp.c= 170.7 Hs, PCBbX 71 26 (CH(CKb)3X 71-36 (CH(CH3)3), 73.94 (C- 
40, 80.11 (d, ^.c- 11.2 Hz, C-rX 85.44 (Ol'X lOl-^S (U-C(5», 140.92 (U-C(6)). 
150,63 (U-C(2)), 163.47 (U-C(4)); Exact mass calcad for CisBwNzOrPi [M+HJ* 377.1478 
found 377. 1479. 

To the sohition of 1,2,4-triazole (662 mg, 9.6 mmol) in 15 uaiL pyridine was added 
phosphorousoxychloride (223 pL, 2.4 mmol) at room temperature. The mixture was 
stirred for 10 mm.. Then the sohition of 21 (289 mg, 0.80 mmol) was added to the 
mixture. The reacflon mfadure was stirred for 4 houra. Then ammonia ^ was bubbled in 
to the reaction mixture for 1-3 hours and the reaction mixture was concentrated in vacuo. 
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The residue was purified by cohjmn chronmtognqihy (CH4Cl2iMieOH=12:l) to give 
compound 22 (220 mg, 0.58 mmol) as a cobdess fomx in 73% yMd, NMR (200 
MHz, CDCI3) 5« 1^2-1.30 (m, 1213, CH^X 2^27 (d, J= 15.0, IH, C(2')Ha), 2.41-2.SS (ni, 
IH, C(2m), 3.63 (d, J= 9.5 Hz, 2H, PCEfe), 3.91 (d4 J, - 10.3, = 3.5, IB, C(4')Ha), 
4.22-4.36 (m, 2H; C(4')Hb» C(3')H), 4.5<S-4J«? (jca, 2H. OCMlCH^hX 5.77 (d, J= 7.3 Hz. 
IH, C-C(5JH),6.17 (dd, "= 7.3, J2 = 1.8, IH, C(r)H), 7.<57 (d, J = 7.3 Hz» IH, C- 
C(6)H), 8.18 (s, 2H, NEb): '^C NMR. ( 200 MEEa, CDOg ) 6c 23.80 (CHOOfe),), 38.46 
(C-r), 63.66 (d, Jrjo= 172.2 Hz, PCH»X 71.48 (SHCCHa),), 71.60 (i2I(CH^)3), 71.75 
(pBiCSSshX 74.12 (C-4'X 80.40 (d, ^^.0= 11.2 Hs. C-3'X 86.68 (C-D, 94.21 (C-C(5)X 
141.9 (C-C(6)X 156.58 (C-C(2)X 165.83 (C-C(l)), Exact mass calod for 
Ci5Hi«N30,J»iNai [M+Hf 376.1637 found 376. 1638. 

J--{ader«ln-9-)^-3^-^h(xsphoTmmei^]l^^ sodhan sedf (Sa) 

To a solution of IS (220 mg, 0.55 mmol) and E%N (IrniL) in DCM (9 jooiL) was added 
bromotrimetliylsilane (290 nL, 2.2 xamoli) at room tewperature. The reaction mixture was 
stirred for 48 hours. The reaction was quenched with 1.0 M TEAB solution. The mixture 
was concentrated, and the residue was purified by column chromatography 
(CH2Cb:MeOH/2;l, 1:1, 1:2) to give crude title compound. Purification using sephadex- 
DEAE A-25 with gradient TEAB solution from 0.01 M to 0.5 M and ion exchanges by 
the Dowex-Na-t- resin offered 3a (96 mg, 0.25 mmol) as a colorless sohd in 45% yield. 
NMR (500MH2, D2O) 8h 3.54-3.62 (m, 2H, PCHaX 4,32-4,39 (m. 3H, C(4')H2. C(3')H), 
4.82 (dd, = 2.4 Hz, J2= 2.0 Hz, IH, C(2')H), 6.09 (d, J= 2.4 Hz, IH, C(r)H), 8.23 (s, 
IH, A-C(8)H>, 8.45 (s, IH A-C(2)H); "C fOMB. (SOOMffe, P3O): 3c 70.l(d, I€4.6 
Hz, PCH2X 75.38 (C-4'X 80.70 (C-2'X 87.56 (Jp.c= 9.8 Hz, C-3'X 91,93 (C-F). 121.21 
(A"C(5X 143.74 (A-C(8)), 151.49 (A-C(6X 155.48 (A-C(4X 158.30 (A-C(2)); '^P NMR 
(500MEIZ, D2O): Sp 13.64; Exact mass oalcd for CicjHuNsO^i \MrW[ 330.0603 found 
330.0602, 

l-(thyniin-l-yl)-3-0-CphosphoTiOTn^}Q>l)-L-threose sodium salt (3b) 

This compound was prepared as described for 3a, using 16 (220 mg, 0.58 mmol) as 

starting material. Compound 3b (90 mg, 0.24 mmol) was obtained as a colorless solid in 
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42% yield. MvlR (SOORfflz^ ThO) Sb 189 (s, 3H, T-CHa), 3.60-3.68 (m, 2H, PCEbX 
4.16 (d, J = 4.1 Hz, IH, C(3')H), 4.24(dd, = 10.7 Hz, ^3= 4.1 Hz, IH; C(4')H0, 4.42 
(d, J= 10.7 Hz, IH, C(4'>Hi,), 4.45 (s, IH, C(2')H>, 5.85 (d, ^ = IJ3 H^,1H, C(1')H), 
7.59-7.60 (m, IH, T-C(6)H); ^^C NMR (500MHz, D2O): 5c 14.28 CT-CH3), 67.9S (d, Jp,c 
= 157.2 Hz. PCHs), 75.78 (C-4'), 80.17 (C-2'), S7.27 (d, Jp,c= 11.7 Hz, C-3'), 94.22 (C- 
1'), 113.36 (T-C(5)), 140.66 (T-C(6)), 154.30 <T-C(2)), 169.39 CT-C(4)); ^'P I>3MR 
(500MHz, D3O) 6p 15.68; Exact mass calcd for CioHiflNjOsPi [M-HJ" 321.0488 found 
321.0474. 



I'(urcKtil-I'yl)-3-0-(ph<xq}honomethyl)-L-threose sodium salt (3c) 
This compound was prepared as described for 3a using 17 (200 mg, 0.53 mmol) as 
starting material and TBMSBr (200 mL, 2.1 romol). Compound 3c (93 mg, 0.26 mmol) 
was obtained as a colorless solid in 49% yield. *H MMR (500 MHz, D3O) Sh 3.58-3.67 
(m, 2a, PCHiX 4. 16 (d, J-- 3.3 Hz, IH, C(3')H), 4.26 (dd, J, = 10.7 Hz. 3.9 Hz. IH, 
C(4*)H.), 4,45 (d, J= 10.7 Hz, IH, C(4')Hb), 4.47 (s, IH, C(2')H), 5.85 (d, 8.0 Hs, 

IH, U-C(5)H), 5.85 (s, IH, C(r)H>, 7.S0 (d, ^ = 8-1 Hz, IH, U-C(6)H); miR (500 
MHz, D3O) fic 67.98 (d, J= 156J2 Hz, PCH2), 76.22 <C-4'), 80.09 (C-2'X 87.15 (d, J= 

II. 7 Hz. C-3'). 94.63 (C-l'), 104.09 (U-C(5)), 145.23 (U-C(6)), 154.26 (U-C(2)), 169.22 
(U-C(4)); NMR (500 MEfe, D2O) 5 15.37; JExact mass cajcd for CsHiaNaOsPi [M-H]' 
307.0331 found 307.0325. 

}-(<^ftc^-l-y^'3-0-^h(^pk€nome^l)-L-^eose sodium jafr 0^ 
TMs conqjound was prepared as described ftw 3a, using 18 (ISO nig, 0.38 mmol) as 
starting material. Compound 3d (58 mg, 0.16 mmol) was obtainsd as a colorless solid in 
43% yield. NMR (500MHz, DsO) 6h 3.53-3.62 (m, 2H, PCHaX 4.15 (d, / » 3.7 Hz. 
IH, C(3')H), 4.27 (dd. Ji = 10.7 Hz, Ja = 3.7 Hz, IH, C(4»)H0, 4.42 (s, IH. C(2')H), 
4.44 (d, J= 10.7 Hz, IH, C(4')H0, 5.S6 (s, IH, C(1')H), 6.01 (d, /= 7.6 H», C-C(5)H), 
7.77 (d, y= 7.6 Hz, C-C(6)H); **C NMR (500MHz, DaO) Sc 68.0 (d, ^.c= 156.2 Hz, 
PCH2), 76.17 (C-4»)), 80.13 (C-2')X 87^7 (d, /p.c = 11.8 Hz, C-3')X 95.16 (C-D, 
98.23(C-C(5)), 145.04(C-C(6», 160.06(C-C(2)), 168,84(C-C(4)>, NMR (500MHz. 
tbO) 5? 15.28; Exact mass calcd for C9H13N3O7P1 [M-Hl' 306.0491 found 306.0481. 
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I-(<^emrh-J-j^)-2'<ieoxy-3-^(f^Kv^h<m<masUi^^ sodium salt 

This compound -was prepared as described for 3a, using 19 (70 mg, 0.23 nunol) as 
starting malenal. Compound 3e (33 ing, 0.11 mmol) was obtained as a colorless solid in 
43% yield. NMR (500MHz, DjO, 60°C) 8h 2.63(d4 - 15.5 Hai, - 1.3 Hz, IH, 
C(2TO, 2.75-2.81 (m, IH; C(2')Hi,X 3.55-3.$4 (m, 2H, P GHb), 4.09 (dd, Vi = 10.0 Hz, 
^2 = 4.0 Hz, IH, C(4')H;^, 4.33 (d^ lO.O Bz, IH. C(4')Hi.). 4.51 (dd, Ji = 5.5 Hz. J2- 
4.5 Hz, IH, C(3')H), 6.39 (dd, 7/= 8.0Hz, ^2= 2.0 Hz, IH, C(r)H), 8.22 (s, IH, C(2)H), 
8.49 (s, IH, C(8)H); ^^C NMR (500MHz, DaO) 5c 39.78(C-2»), 68.34 (d, Jp,c= 155.2 
Hz, POt), 76.53 (C-4'), 82.79 (d, A.c« 11.9 Hz, C-3'), 86.32 <C-1'), 121.13 (A-C(5)), 
143.89 (A-.C(8)), 151.33 (A-C(6)X 155.25 (A-C<4)), 158.18 (A-C(2)); NMR 
(SOOMHz, rhO) 8p 154.46; Exact mass calcd for CioHisNsO^, [M-H]- 314.0654 fouiod 
314.0632. 



l'{thymin^l-^)-2-<lsfXKy'3<}-^ho^fumom^^l)-^ sodSum salt (if) 
To a sohitioii of 20 (260 mg, 0.67 mmol) and EtjN (1 mL) in DCM (25 raL) was added 
iodotrim^ysilaae (0.73 mL, 5.36 mmol) at OC. The reaction mixture was stined for 2 
hours. The reaction was quenched with 1.0 M TEAB sohrtion. The mixture was 
ooncentrated, and the residue was purified by column chromatography (CHzCbrMeOH 
I2\\, 1:1, 1:2) to give crude 3f. Purification using sephadex-DEAE A-25 with gradient 
TEAB solutioD from 0.01 M to 0.5 M and ion exchanges by the Dowex-Na* resin offered 
3f (95 mg, 0.27 mmol) as a colorless solid in 40% yield. NMR (500 MHz, D2O) 5h 
L91(s, 3H; T-CHsX 2.29(d, J= 15.4 Hz, IH, C(2')H»), 2.58-2.64 (m, IH^ C(2')H,). 3.57- 
3.65 (m» 2H, PCH2), 3.95(dd, Ji - 10.5 Hz, ^2= 3.4 Hz, IH, C(4')Ha), 4.38-4,41 (m, 2H, 
C(4')Hb, C(3')H), 6.20(dd, Ji = 8.3 Hz, Js^ 2.4 Hz, IH, C(r)H), 7.78(d, J= 1,0 Hz, IH, 
T-C(6)H); "C NMR (500 MHz, D2O) 5c 14.50(T-CH3), 39.62(C-2'), 67.81 (d, J= 158.1 
Hz, PCH2), 76.63 (C-4'), 82.66 {d, J = 11.3 Hz, C-3'), 88.41 (C-1'), 113.94 (T-(C(5)), 
141.32 a-<C(6)), 154.68 (T-(C(2)), 169.51 Cr-C(4)),- MMR (500 MHz, D2O) 6p 
16.02J Exact mass calcd for C10H14N2O7P1 [M-HQ" 305.0538 found 305.0537. 

I-(ia-aciI-I-yO-2-^OBcy^-3-<^(jffhosphon(methy^ sodium salt (3g) 
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This compound was prepared as described for 3f» u^ng 21 (154 mg, 0.41 mmol) as 
starting material and iodotrimetbysilane (0.47 mL, 3.3 mmol). Compound 3g (50 mg, 
O.H mmol) was obtained as a colorless solid in 34% yidd. *H "NMR (500 MHs, I>20) 6h 
2.31-2.35 (m, IH, C(2')H0, 2.57-2.62 (m, IH, C(2')Hb), 3,54-3.62 (ni, 2H, PCHa), 3.97 
(dd, Ji - 10.5 Hz, J2 = 3.7 Hz, IH, C(4')H*), 4.38-4.40 (m, IH; C(3m 4.42 (dd, = 
10.5 Hz, 73= 2.0 Hz, IH, C(4')K,), 5.88 (d,y= 8.3 Hz, IH, U-C(5)H), 6.21 (d4^/ = «-2 
Hz, J2 = 2.0 Hz, IH, C(r)H>, 7.99 (d, J = 8.2Hz, IH, U-C(6)H); "C NMR (500 MHz. 
D2O) 6c 39.46 (C-2')), 67.56 <d, 156.9 Hz, PCH2), 76.77 (C-4'), S2.31 (d, 7 = 13.8 
Hz, C-3'X 88.57 (C-l'), 101.45 (U-C(5», 145.81 (U-Op), 169.23 (U-C(4)); NMR 
(500 MHz, D2O) 8p 15.72; Exact mass Cidcd for CH12N2O7P1 [M-H]' 291.0382 found 
291.0391. 

l-(cytQsm-l-yI)-2-deoxy~$<)-<jphosphonom&ikf;l)-L-ihreose socSum salt (3k) 
This compound was prepared as described for 3f, using 22 (200 mg, 0.53 mmol) as 
starting material and iodotrimetbysilane (0.6 mL, 4.2 mmol). Compound 3h (130 ing, 
0.38 mmol) was obtained as a colorless solid in 73 % yield, NMR (500 MHz, D2O) 6h 
2.32 (d, 7= 15.3, IH, C(2')Ha), 2.56-2.61 (m, IH, C(2'>Hi,), 3.52-3.61 (m, 2H. PCHa). 
4.01 (dd, Ji = 10.5 Hz, J2= 3.6 Bz, IH, C(4')H.X 4.39-4.40 (m, IH, C(3')H), 4.44 (dd, 
Jl=10.7, J2= 1.7 Hz, C(4') Hb), 6.06 (d, J= 7.6 Hz, XH, C-C(5)H),6.20 (dd, Ji = 7.8 Hz, 
J2 = 2.0 Hz ,1H, C(r)HO, 7.95 (d, J- 7.6 Hz, IH, C-C(6)H>; "C mdR (500 MHr, P3O) 
Sc 37.22 (C-2-), 64.88 (d, 7= 157.2 Hz, PCH2), 74,37 (C-4'), 79.99 (d, 7= 11.7 Hz. C- 
3^ 86.71 (C-r), 95.99 (C-C(5)), 143.02 (C-C(6), 157.56 (C-C(2)), 169.2 3(C-C(4»; "P 
NMR (500 MHz, DaO) 5p 15.96; Exact mass calcd for CsHuNjOfiPi [M-H]' 290.0535 
found 290.0542. 

Ritample 5; Antiviral activity 

Compounds Sa-li were evaluated for their potential to inhibit the replication of HIV in a 
cell cultui« model for acute infection. The cytotoxicity of the compounds was 
detonnined in parallel. The origin of the HTV-l (HIb) vims stock*^ and the HIV-2 
(ROD)^ stock has been described. They were obtained from the culture supernatant of 
HTV-l or HIV'^2 infected Mr-4 cells, respectively. . The inhibitory effect of the 



57 



I U V <L VJ 1/ t U 



compounds on HIV-1 and HIV-2 replication were monitored by measuring the viability 
of MT-4 cells 5 days after infection.^ Cytotoxicity of the coiuqpounds was determined in 
parallel by measuring the viability of mock-infected cells on day 5, using a tetrazoKmn 
based colorimetric method to determine the number of viable cells. 

PMDTA shows an IQo value of 1.0 rig/mL both against HIV-1 and HIV-Z. PMDTT has 
an IC50 value of 2.4 }xg/mL against HLV-1 and HIV-2, No cytotoxicity was observed for 
PMDTA nor PMDTT at the highest concentration tested (125 jig/mL), giving the 
compounds a SI of > 125 (PMDTA) and > 50 (PMDTT) k these Qellular systems. In the 
cellular test system, both compounds are as active as PMEA and PMPA, and their 
cytotoxicity is lower. 
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CLAIMS 



1. A phosphonoalkoxy substituted nucleoside, comprising a five-membered, saturated or 
unsaturated, oxygen, nitrogen or sulfur containing ring or analogues or derivatives 
thereof corresponding to the formula U isomers^ solvates or pharmaceutical $aUs 
thereof. 




1 

CD 



6r^ 



wherein: 

- B is a heterocycle selected from the group consisting of pynniidine aad pum^ ba$es; 

- The dotted line represmts an optional double bojtxd, provided that if Z is oxygen, or 
sulfuT:, there is no double bond; 

" Each b} and are independently selected firom the group of hydrogen; (-POsR^V 
P03R?!R^; alkyli alkenyl; alkynyl; cycloalkyl; cycloalkenyl; cycloalkynyl; aryJ; 
arylalkyl; heterocyclic ring; heterotyclic ring-aBsyl; acyloxyalkyl; acyloxyalk^yU 
acyloxyalkynyl; acyloxyaryl; acyloxyarylalkyl; acgrloxyarylalkenyl; 
acyloxyarylalkynyl; dialkylcarbonate; alkylarylcarbonat^, alkylalkenylcarbonate; 
alkylalkynylcarbonate; alkenylarylcarbonate; alkynylaryIcarbOtt«i&, 

alkeirylatkynylcarbonate; dialkenylcarbonate; dialkynylcarbonate; wherein said alkyl, 
alfc^yl and alkynyl can contain a heteroatom in or at the end of the hydrocaibon 
ohatn» said het^oatom selected firom O, S and N; 

- Each X, Y and Z are independently selected from the group of oxygen^ nitrogesa; 
sulfur; CHR'; wherein at least one of 3C, Y or Z is axyg&x^ nitrogen or sulfiir and 
maximally two of X, Y or Z are oxygen, nitrogen or sulfur and iJie other(s) is/are 



CHR^ 



R^ is selected from hydrogen; azido; F and OR*; 
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- R* is seJected jGrom hydrogen; alkyl; alkrayl; alkynyl; cycloalkyi; cycloalkenyl; 
cycloaJkynyl; aryi; heterocyclic ring; ajylalkyl; heterocyclic rit^-alkyl; acyloxyalkyl; 
wherein said alkyl, alkenyl and alkynyl can coBtain a heteiroatom in or at the end of 
the hydrocarbon chain, said heteroatom selected ftom O, S and N; 

- Each R^, and are indqpendently selected from hydrogen; alkyl; alkenyl; 
alfcyaylr-cycloalfcyU-cyeloalfcenyl; -cyeloaUkynyl; 8]ryl;"aiylalJkyl;--heterocyoiic ring; 
heterocyclic ring-alkyl; acyloxyalkyl; wherein said alkyl, alkenyl and alkynyl can 
contain a heteroatom in or at the end of the hydrociaxbon chain, said heteroatom 
selected from O, S and N; 

- n is selected fiom 1 to 6; 

- m is 0 or 1. 

2. A phosphonoalfcojqr substituted nucleoside according to claim 1, wherein each x; Y 
and Z are indi^endenfly selected from the group of o^jygen; nitrogen; sulfiir; CHR^ 
wherein at least one of Y or Z is oxygen, nitrogen or sulfUr and maximally two of 
X, Y or Z are oxygen> nitrogen or sulfur and the other(s) is/are CHR^; 

3. The phosphonoalkoxy substituted nucleoside according to claim 1 or 2, wherein said 
phosphonoalkoxy substituted nucleoside is a 3'-phosphonalkoxy substituted fiiranose 



4. The phosphonoalkoxy substituted nucleoside according to claim I to 3, wherein there 
is no double bond in the five-membered ring, X is oxygen and Y and Z are CHR'. 

5. The phosphonoalkoxy substituted nucleoside according to any of claims 1 to 4, being 
selected from the following group: 

1 -<N^-benzoyIadenin-9-yl)-2-0-benzoyl-3-0"(di^ 
threose (11); 

1 -(thymin-1 -yl>2'0-benzoyl-3-0-(diisopropylphosphonomethyl)-L-threose (12)j 
l<uracil-l-yl)-2-0-benaoyl-3-0-(dii5opropylphosphonomefiiyl>l^thre^^ (13); 



nucleoside. 
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1 -(N^-acetylcytosin- l-yl)-2-0-beiixoyl-3-0-(djuisopTO 
(14); 

l-(adenin.~9-yl)-'3 -0-(diisopropylphosphoaoinethyl)-L-threose (15)^ 
l-(thyinin-I-yI)-3-0-( diisopropylphosphonoxnethyl)-L-threose (16); 
l-(uracil-l-yl)"3-0-( diisopropylphosphonomethyl)-L-threose (17); 
l-Ccytosin-t-yO-S-O-Cdiisopropylpliosphonomethyl )-L-threose (18); 
l-(adenm-9-yl)-2-deoxy-3-OKdfi5apropylphosphonomethyl>^ 
l-(thymin-l-yl)-2-deoxy-3 -0-(diisopropyIphP5phox\omcthy)l)-L-t]burwi5e (20); 
l-(uracil-l-yl)-2-d€Oxy-3-0-(diisopropylphosphooomethyl)-L-^^^ 
l-(cytosin-l-yl)-2~deoxy-3-0-(diisopropylphosph€axome^ 
l-(adenin-9-yl)-3-0-(phosphoiJiomethyl)-L-threo$e sodiujn salt (3a); 
l-(thymin-i-yl)-3-0-(phosphonomethyl)-L-tbreose sodium sallt (3b); 
l-(uradl-l-yl)-3-0-(phosphonomethyl)-L-threose sodium salt (3c); 
l-(Gyto5in-l-yl>-3-0-(phosphonomethyl)-L-1lM^ose sodium salt C3d); 
l-(adenin-l-yl)-2-deoxy-3-OKpho5p}xonom^yl)-L-threose sodium salt (3e); 
l<thymm-l-yl)-2-deoKy-3-0-(pho5phonom?5thyI)-L-t^^ sodium $alt (3f); 
l<uradl-l-yl)-2"deoxy-3-0-(phosphonomethyl)-L-liiureo5e sodium salt (3g); 
l-(<grtidin-l-yl)-2-deo3q?-3-0-(i>hosphonome&^^ sodium salt (3h); 

a phaiinaceuticaliy acceptable salt , an isomer or a solvate thereOfr 

6, A process for preparing a phosphonoalkoxy substituted nucleoside^ au isomer, a 
pharmaceutically acceptable salt or a solvate thereof according to any of the claim? 1 
to 5, said process comprising the stqps of reactxc© a protected OJCygen containing five- 
xnembered ring with protected phosphonylalkyl, followed by reaction with a 
pyrimidme or purine base, deprotection of 1he five-membered ring protecting groups 
and purine or pyrimidine base protecting groups, if necessary a decoc/gMation step 
and finally a deprotection of the phosphonate protecting groups. 

7. The use of a phosphonoalkoxy substituted nucleoside according to any of the claims 1 
to S, for the manu&cture of a medicine. 
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8. The use according to claim 7, wherein said medicine is for the prevention or treatment 
of viral infections in a mamfnal. 

9. The use accoT<fing to daim 8, wherein said viral infection is an infection by the 
Human Immunadeficiency Virus CfflV)- 



10. A pharmaceutical composition comprising phosphonoalkOTjy substituted nucleoside 
according to any of the claims 1 to 5 as an active ingredient in admixture with at least 
a phannaceutically acceptable cmi&r, 

11 . A pharmac€aitical composition according to claim 10, having antiviral aaivity, 

12. A method of treatment or prevention of a viral infection ui a mammal, comprising 
administerii^ to the mammal in need of such treatment a therapeutically eflTective 
amount of a phosphonoalkoxy substituted nucleoside according to any of the daims 1 
to 5. 
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ABSTRACT 



The present invendoni relates to aovel phosponate nucleosides, more specifically to novel 
phosponalkoxy substituted nucleosides. Tb© ix)[vei)iiot» farOi&c reilates to compounds 
having fflV (Human Imnranodefioiency Vims) replication inhibiting properties and to 
compounds having antiviral activities with respect to other viruses. The invention also 
relates to methods for preparation of all such compounds and pharnmceutical 
compositions comprising them. The invention ftnnfliier relates to the use of said 
compounds as a medicine and in the manufacture of a meddoament useful fox the 
treatment of subjects suffering from HIV infection, as well as for treatment of other viral» 
retroviral or lentiviral infections and to the treatment of animals suffering from FIV, 
viral, retroviral or lentiviral infections. The mvention also provides a method of treatment 
or prevention of a viral infection in a mammal, comprising administering to the mammal 
in need of such treatment a therapeutically effective amount of a phosphonoalkoxy 
substituted nucleoside. 
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OH OH 



1 2 3 . x-=OH,B*Adeo3tt-l-yl 

b X-OH.B-lhyniiii-1-yl 

d X=OH,B = jgrtoaiii-l-yl 

X - H3 - adcnm-l^l (PMDTA) 
f X«H;B« tliyfi3ttt-l-yl<pMDTl> 
g X«H,B= uraciW-yi 
h X«H,B«<iytodo-l-yl 



Figure I 



1 




Telrahydro-ftiran 2,3-Dihydro-ftiraii Furaii 

Figure 2 
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